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J Hy IIakry ^[kdforth T) aw sox. 

. previous investigation (Dawson and WTiea.tley, Trans.. 1910, 
2048) of the relative rates of tantomeric eliange of various 
aes, in which iodine wa.s used as an indicator of the speed of 
:faction, the choice of a solvetit for tlte reacting substances was 
Anined by a preliminary examination of the variation of tlie, 
of cliange of acetone when tlie water serving as solvent was 
ually replaced by ethyl alcohol. In tliese experiments, which 
ariade at a temperature of 20"^, the concentrations of the acetone 
if tlie sulphuric acid, wliich was added as a catalyst, were in 
.ses the same, the experimental data thus indicating directly 
langes which are attributable to the variation in the character 
solvent medium. The coiiccntratioiis of the ketone and the 
,'st were, moreover, such tliat the active mass of the former 
necl practicallv constant during the change, whilst the elTect 
latter was not altered to any great extent by the liydriodic 
ormed as one of tlie products of the reaetiun. With increasing 
rtion of ethyl alcohol in the solvent, the reaction proceeds less 
etely, but the nieclianism of tlio change is apparently 
iwed, for tlie iodine disappears at a (‘onstant speed so long as 
■mount of iodine present is appreciably in excess of that 
L XCJX. B 
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cori’espondiiig the state of equilibrium yvliicb is ultirn 
attained. 

The dependence of the rcactiorL-velooity on the composition o 
aqueous ah'oholic solution is shown by the data in table I, 
which it is seen that the velocity is practically the same in \v. 
alcohol mixtures as in pure waler, provided that the amotil 
water present does not fall below about thirty volumes per 
On fnrtlier diminution of Uie water content of the solvent 
velocity increases, and the rate of increase becomes greater a^ 
ainount of water present is continuously dimiiiisbcd. Tlie v 
of k — (lx I lit are expressed in rnols. per litre per minute. 

Table I. 

Acetone, 0 2711; Sulphuric Acid, 0'05 moL per litre. 
Grams wati'V jirr 

litre of solution 1000 SOO 000 .000 400 SOO tfOO H9 tS'u 

10'’ 2:T0 2:3-0 ‘iti-.O 22T. ‘J2'0 24-0 aO'O Ca 

On account of the high speed of the reaction, rncasureii 
could not be made with sufficient accuracy at 20'^ in the ca; 
sohiiions containing less than about one grain-mol. of watei 
litre, and the investigation of these was carried out at 0'^. 
these determinations anhvdrous alcohol was prepared by Winl 
method [Bar., 1905, 38 , 3012), the material used in the prepa 
of the anhydrous and moist alcoholic solutions being the p: 
obtained after triple treatment with rasped calcium. 

With this anhydrous alcohol, a solution was prepared cont 
0'09r) mol. of sulphuric acid and approximately 0‘05 mol, of 
per litre. Fifty c.c. of tliis were introduced into stoppered 
tmiitaiiiiiig weighed quantities of water, and the volume ma 
to 100 c.c, witli anhydrous alcohol ; IIu'm' solutions were then 
to 0^, and 2 c.c. of aceiono were atUhul iiy cadi. IMeasured vf 
of the solntions were tlien removed from time to time, ai 
unchanged iodine was titrated, as previously described. 

In order to sliow the course of the reaction in its earlier 
in alcoholic solutions containing little or no water, two lusjieri 
are recorded in detail in tulile IL. Tlie measured iodine 
centrations in luols. per litre are given under x^, and the ' 
calculated from under .r... 

Table II. 

(1 J Aiilivdrous Alcoluffi 

Tim^- biniuUi'q..,. 0 1'.', •>:) 

•'I'l'j' 22-45 ims:; IX'LS 

t:'2-45) HI ',] 18 OS 

L m-uOMH). 


;]0 

iimio 1 
IGTf. T 
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(2) Alcohol containing 5 02 grams of water per litre. 


?imc (mhiiitcs) 0 20 50 80 110 150 

•^xlO'^ 22'2;i 21-30 20-32 18-98 17-37 15-54 

'.,xl0'* {■22-2;3) 21-37 20'08 1879 17-50 15-73 

= 0-0000 13. 


lese data sufTico to show that tlic rate of disappearance of the 
le in anhydrous alcohol and in alcoliol containing a small 
itity of water is constant, as was previously found for aqueous 
dons lUider similar conditions. From this it seems jiistifialjle to 
lude that the mechanism of the reaction under investigation is 
same. In tabic III arc given llie reaction velocities observed 
^ in two series of experiments exactly similar to those recorded 
.ble IT. The solutions were made up as already described. 


Table III. 

iSfiries 1. Series 2. 


ram.H of 


0.r:ui:> (if v.-si 

-O'l- 

per liln-. 

A lOh 

["•r hli ij, 

k >: 10^ 

0 0 

l‘J0 

00 

19-2 

50 

43 

.5-1 

4.5 

lO’l 

21 

10-0 

22 

20 0 

9 

20 '1 

9 


ic two series of experiments were quite independent, different 
Jles of aiiiiydi'ous alcohol beiri^ us'^'d in I he preparation of the 
pets of solutions. It is evident that a small quantity of water 
Ces the speed ot tlie reaction to an enormous extent, the velocity 
ig to about one tentli of its value for anhydrous alcohol on the 
tion of 1 ]ier cent, by volume of water. In view- of tlio^ 
tiveness of the speed of the reaction towards traces of water, 
agreement between the two values for anhydrous alcohol is 
H'kably good, and affords some guarantee that the alcohol 
Ined by Winkler's method was reallv free from water. The 
e data are not sufficient to show the exact connexiem bet\Yeeu 
peed of the reaction and the water content of the alcoholic 
ion, Init it is evident tiiat for solutions containing from 5 to 
t-ams of water per litre, the velocity is approximately inversely 
5rtioiial to the amount of water present, 

ie fact that small uinin titles of water exert a considerable 
^ssing effect on tlic velocity of chemical change in alcoholic 
Ion is well known, and appears to have been first observed by 
Schmidt in conuexioii with the process of csteritication {Ber., 
t 28. 3218; 1S9G, 29, 2208; compare also Goldschmidt and 
ie, IbuL, 190G, 39, 711; Goldschmidt and Udby, ZiitscJh 
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'phfj&ikal Chem., 1907, 60 , 728; Wegscheider, Ber., 1906, 39 , 1 
Kailan, Manatsh., 1906, 27 , 543 et seq.). Other reactions ta 
place under the influence of acid catalysts are similarly affectei 
was found by Bredig and Fraenkel {Ber,^ 1906, 39 , 1756) ir 
case of the decomposition of diazoacetic est^r in ethyl-alco^ 
solution, by Tubandt and Mohs [Annahny 1907, 354 , 259) ir 
inversion of /-inenthone in methyl-, ethyl-, and propybalco: 
solutions, and by Lapu’orth and his co-workers (Lapworth 
Fitzgerald, Trans,, 1908, 93 , 2103 ; Lapworth, ibid.y 2187 ; Lapw 
and Partington, Ihid., 1910, 97 , 19) in the conversion of hyd: 
benzene into benzidine, the action of bromine on ketones, and 
hydrolysis of esters in non-aqiicous media. The rate of de 
position of oxalic acid hy sulphuric acid was also found by Bi 
and Lichty [Zeftsch. Elekfrocheni., 1906, 12 , 459) to be very r 
retarded by small amounts of water in excess of that correspon 
with the composition 

Of these various catalysed reactions, the one for which 
influence of water has been examined in greatest detail is the prf 
of ester ifleation in ethylalcoholic solution. In regard to 
influence of small quantities of water on the velocity of keto--> 
transformation a few prclimiiiai'y measurements only have 
made in the case of acetone without added solvent in presem.i 
sulphuric acid as catalyi^t and bromine as indicator (I.apwj 
loc. cit., p. 2189). I 

In the case of the experiments described in this paper, the (A 
range of alcolioLwater mixtures lias been examined. To facL 
the comparison of the data obtained at 20° for solutions conta:' 
larger quantities of water (table 1) with tliose obtained at I* 
solvents pontainiug relatively little water or none at all (table ^ 
The velocity of the reaction for the solution containing IS'o 
of water per litre was measured at both temperatures. The 
of tlie reaction was found to be reduced from /■• 170x10 

20° to A; = 13'5xl0-^ at 0°. Assuming that tlie temper;: 
coeflicieiit has the same value for a water-free alcoholic .solv 
and taking into account the small dilFcrcnce between the aeiil 
coiitrations in the two series of ex])eriments, it is found tli;;' 
velocity of the reaction in anhydrous alcohol is more than a hui: 
times (about 115) as great as the velocity in aqueous solution. 

The data in table JI show tliat this enoiinous diflcrcncc ii 
rates of change in the two media is not accompanied by 
observable difference in the me('banism of tlio change, for b<>‘; 
aqueous and in alcoholic solution the speed of the rmictii 
independent of tlie iodine concentration. The cliange in ve. 
is Lherefoie attributable to a ditlercncc in the rate of the pji: 
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meric change in the two media, and since this change is 
7tically accelerated by acids, the difference in question may be 
0 a change in the specific reactivity of the acetone or to an 
Aion in the catalytic activity of the acid, 
reference to this change in activity, experiments were made 
ter mine the influence of the acetone and acid concentrations 
e velocity of the reaction in nearly pure alcoholic solutions, 
>us measurements (Dawson and Leslie, Trans., 1909,^95, 1800} 
g shown that the velocity in aqueous solution is proportional 
e concentration of the ketone and also to that of the acid. 

IV shows the influence of varying ace tone concentration in 
■ylic solutions containing 5 and 10 grams of water per litre, the 
iremcnts being carried out at 0'^. 


Table IV. 


^''ater, 5 grams per litre ; 

28O4, O UT) mol. per litre. 

dIs. nrv'toth* 

|i(‘r litiV. 

OSIG L'OO 

0-^72 aUO 

3-0 


Water, 10 grams per litre; 
n .SO^, 0 03 uioi. per litre. 

M(A.. iicTiou- 

]>i'r litre. 7-xlO't 

1 ’GG 610 

f):>72 

;V0 4‘) 


tording to these data, tlie velocity of the reaction in moist 
)lie solution is |)i'o|Kjrtional to the roiiceiitrat 1011 of tlie ketone, 
Result is identical witli tlial previously obtained for a pure 
iis .solution, and this identity is eb'arly contradictory to the 
hesis that the large ehatig';‘S in the reaction velocily which are 
bt about by tlie addition of small qiiniititics of water to an 
^ic solution are due to the for mat ion of acetone hydrates 
are less active than the free acetone or eoTnpounds of acetone 
ilcohol wliicli might he supposed lo be present in alcoholic 
[>n. This is evident from a closer ins[)eetioii of tlie two ex|.>eri- 
inade in alcoholic solution contniniug 10 grams of water per 
In tlu'se the mola.r ratios of acetone lo water are rcspoeti\T'ly 
d 0'5. If less active hydrated molecules were formed in the 
alcoholic solution, sucli a variation in the relative quantities 
tom; and water should undoubtedly give rise to a velocity 
micli greater than the ratio of the acetone concentrations, 
the velocitv and acelone coneentration ratios are equal, it 
that the observed variations in the rate of tautomerie change 
le nature of the .solvent mcdiuiu are not due to changes in 
icific reactivity of the ketone. 

results of mcasureuients of the rate of disappearance of 
le in moist acetone have also led Lapwortli to discar s^k hydrate 
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formation as a, possible explanation of the retardation eff 
Moreover, determinations of tlie refractivity and the diele 
constants of acetoiic-waier inixtures (Drude, 7jC\Uc1i. fhys 
Chem., 1897 , 23, 313 ; Miss Homfray, Trans., 1905, 87, 1 
indicate that acetone in aqueons solution does not form hydrat( 
more than a very small extent. 

On the other liancl, strong evidence in favour of the view 
the variations in the speed of the tautomeric change are d\i 
dififerences in the activity of the acid catalyst, is afforded by the 
that so manv diffcreirt ]’cactions, in which an acid plays the 
of a catalyst, are siinilarly retarded vdicn small (juantities of v 
are added to the iiou-aqiicous medinm in which the reacting 
stances are dissolved. The view that tlie anti-catalytic effct. 
water in tliese different reactions is not due to any other cause’ 
a cliaiigo in the availability of the acid is due to Tiapwortli, and 
in conjunction with his co workers, has shown that the change 
availability are the same whether measured by ebanges in esi 
cation velocity or by the amounts of salt which the acid yieh 
the different moist solutions with a weak monacid base. ' 
mathematical treatment of the conception that the influenc 
water on acid catalysis is due tc a diminution of the quant’ 
available acid, Lapworth has shown further that tliis view 
agreement with tlie goncralisDtions of the ionic theory, and 
it can be applied to the facts as readily as the original ic 
Arrhenius. 

Ijapwortlhs views are obviously opposed to the widely ac( 
theory that the relative catalytic activities of acids in ac 
solution arc determined by the concentration of the '“hYc]r( 
ions, that is to say, the ions wliich are mainly responsible fi 
passage of positive electricity through aqueous solutions of 
The parallelism between the numbers, whicli represent tlie n 
catalytic activities of the acids on the one. hand, and the ioni 
coefficients as determined by conductivity measurements t 
other, is tlie main factor wliich has led to the general adopt 
iliB view that the ‘'hydrogen ’’ ions are the active ions in tli 
cases. The gradual accumulation of observations, which 
support to the tiicnry that the ions of aqueous solutions ; 
general hydrated, does not appear to have had any eonsid 
effect on the prevalence of the notion that the electrolytic io 
the catalytic agents. 

In particular, this view appears to be adopted by Goldschn.: 
a recent summary {Znf.irh. J'Jhkfrochrw., 1909. 15, 4) of 
obtained in a scries of investigations, in whicli the cstcrinca' 
various acids in eihyhalcoholic solution under the inlluei 
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jnfc acid catalysts was examined. The parallelism between the 
fication constants and the electrical conductivities for various 
used as catalysts and that between the velocity constants for 
nd the same acid catalyst at dilVereiit concentrations and the 
iporiding ionic concentrations (as measured by the electrical 
ictivity) are cited as evidence in support of the theory that 
rogen ions arc the active catalytic agents, 
periments which were made^ to ascertain the influence of the 
ntration of the sulphuric acid as catalyst in the tautomeriii 
formation of acetone seem to show clearly that this theory is 
lable. Ill these experiments, the concentration of the acetone 
*‘J72 mol. per litre, and parallel measurements ■were made with 
oils contaiiiing respectively O' 15 and O' 03 mol, of sulphuric 
ler litre. The experimental data arc collected in table V, and, 
licated in the first column, the temperature of comparison was 
: 20"^ or 0°, according to the proportion of water in the 
)us alcoholic solvent. The relative speeds of the reaction for 
ia.tion in the concentration of the acid in the ratio 5 : 1 aro 
1 in the fifth column of the table. 

Table Y. 



Uraiiis of watci’ 

|i(T 

Z'.IO'' 

tor 

0T5 inii' 

l\Vf 

for 

ir 0'03 luolar 

Vrlo.-ity 

Ealio of 
cl i.'Ct rival 

raturo, 

litre of solvent. 

11..SU; 

ILSO;. 

ratio. 

conluetivitiv 

P 

100(1 '0 

70 

ii-o 

o'O 

4 ’25 

C 

400 '0 

70 

ll'O 

0 -J 

I'S 

» 

50-0 

1 So 

01-0 

.5 ■;» 

0 sr> 

0 

10-0 

100 

12'.; 

S'o 

0 ■ 15 

to 

5-0 


20 '0 

S’S 

— 

b 

1'5 


:UL0 

so 

— 


0-0 

920 

lOO'O 

7 "2 

3 '55 


om the velocity ratios, it is evident tliat tlie speed of the 
ioii is proporlionni to the eon rent rat ion of the acid in aqueous 
'on, and very nearly so in an aicohol-water mixture containing 
rams of water per litre, but that this is by no means the ‘case 
uholic solutions wliich coiiiain little or no water. In anhydrous 
5 l, the speed of the reaction becomes more than seven times as 
when the concentration of the acid is increased in the ratio 
b to one from 0’03 mol. to O’ 15 mol. per litre. The inequality 
\ velocity and concentration ratios is even more pronounced in 
pe of moist alcoholic solutions, and the scries of numbers in 
Lblo wmuld seem to show that tlio divergence is greatest when 
coliolic solvent contains a certain small proportion of water. 

Ill hydrochloric arid as catalyst, a similar lack of pro 
[nality between the speed of the reaction and the coiyentration 
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of the catalyst has been already observed for a large numb 
esterification reactions in moist alcoholic solution (Kailan, loc. 
In absolute alcohol, on the other hand, it has been found th 
many cases the velocity of esterification is proportional tf 
concentration of the catalyst. This is not, however, always the 
for Kailan has observed that in absolute alcohol the veloci' 
esterification of the amiiiohenzoi(i acids and of 3 : S-dinitrobc 
acid increases more rapidly than the concentration of the cat 
whilst in ' the case of 3 : 4- and 3 : 5-dihydroxyhenzoic acid: 
velocity increases less rapidly than the concentration of the hyd' 
chloride. In the absence of water, the connexion betweei 
activity of the catalyst and its concentration would thus appe 
depend on the nature of the catalysed reaction, although in pre 
of small quantities of water all the available experimental n 
indicate that the activity of the catalyst increases more rapidly 
its concentration. 

The difficulty of reconciling these fa.cls with the theoi 
"hydrogen’’ ion catalysis has been already pointed 'out by K 
and Wegseheider {he. cit.). For sulphuric arid as catalyst 
discrepancy between the catalytic activity and the hydrogen 
concentration is shown by a coTtiparison of the vefixaly rati 
table V with corresponding ratios for the " hydrogen ” ion 
centration. 

To obtain the necessary data, measurements were made o 
electrical conductivities of the O’ 15 and ()’03 molar solutio 
snl]dniric acid in various alcoliol- water mixtures, and tlie 
ductivity ratios thus obtained are. recorded in the sixth colur 
the table. 

From the usual ionic poiiit of view, it may be doubted wh 
.the conductivity ratio can be regarded as an exact measure o 
" hydrogen ” ion ratio, for the conductivity relationships of snip 
acid in moist alcoholic solutions appear to be of a complex chai 
On addition of small quantities of water to an alcoholic soli 
the conductivity falls very considerably until a minimum is rcai 
beyond this, further increase in the proportion of water causi 
conductivity to rise until in pure water it is about twenty 
as large as in anhydrous alcohol. Similar observations have 
made by Goldschmidt {/jelinh. Elvki nH'hvm., 1909, 15 , 4) i: 
case of alcoholic solutions of hydrogen chloride, and this beha 
suggests that caution is required in applying the comluc 
measurements to the determination of tlie " liydrogen ” ion 
In con.sidcration of tin; small interval of concentration whi 
involved, it is proliahle, however, that, no serious error w; 



RKL<^TION TO THE X A TURK OF THE SOLVENT MEDIUM. 9 

p.ittecl if the conductivity rntio is tal<en directly as a* measure 
le relative “ hydrogen ion concentrations, 
imparing the conductivity ratios with the velocity ratios, it is 
that the values diverge Triiich more in the case of alcoholic 
,ions which contain little or no water than they do for a pure 
ous solution. Various hypotheses have been advanced to 
.int for such divergences between the catalytic activities and 
‘ hydrogen ion concentrations in the case of aqueous solutions 
:ids. An explanation, of the very much greater divergences in 
ise of alcoholic solutions on similar lines seems scarcely possible, 
he contrary, the deviations are such that the conclusion seems 
table that the active catalysts in alcoholic solution are not the 
which are responsible for the electrical conducting power, 
favour of this conclusion is the fact tliat the catalysing power 
ilphuric acid in dilute alcoholic solution is about a hundred 
5 as great as it is in a corresj)onding aqueous solution, whereas 
niydrogen ” ion concentrations appear to be nearly equal. In 
(asc of a O'Oo molar acid, the degree of ionisation in aqueous 
ion is approximately O'G, and, according to Krcmann and 
sert [?Jonaf.<h., 1910, 31, 195), the deg rec of ionisation for an 
lolic solution (containing O'G per cent, of water) is about O'o. 
e data indicate that the concentration of the hvdrogen ions 
queous and alcoliolic solutions of this order of concentration 
.pproximately tlie same, whereas tlie velocity data indicate that 
tatalytically active component is present in alcoholic solution in 
much greater concentration thaii in a- corresponding aqueous 

fIOU. 

ic observed facts are thus seen to be irrcconeilablc witli the 
nptioii that acid catalysis is due to “ liydrogcn " ions, but, on 
>tlicr hand, they appear to haimnnisc with the theory of acid, 
ysis advanced by Lapworth, According to this, the catalytic 
ity of an acid is d id cr mined by its availability, and if we: 
ilate the existence of free hydrogen ions in solutions of acids, 
joncentration of these furidslies a measure of the availability, 
a given concentration of acid, tlie proportion of free hydrogen 
Is much greater in tlie case of an alcoholic solution than in that 
I aqueous snlution, although tlie concentrations of the positive 
^ioiis — the f^thylliydroxonium ions in the one case, and the 
►xonium ions in the other — may be. and probably arc, of the 
order of magnitude. 

J eliicf results obtained in tliis investigation may be summarised 
lows : 

p)ata arc recorded showing the intiuence of the medium on the 
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rate of tautomeric change of acetone in presence of suljihuric 
as a catalyst for alcohol-water mixtures, ranging from pure ■ 
to anhydrous- alcohol. 

2. In anhydrous alcohol the speed of the reaction is more 
a hundred times as great as in water. On addition of 
quantities of water to the alcoholic solution, the velocity is gi 
diminished. 

?). In alcoholic so lii lions the speed of the reaction is proport 
to the concentration of the ketone, but increases much more ra 
tlian the concentration of the catalyst or the concentration o 

hydrogen " ions. 

4. It is slmwn that the o])sorvalions are inconsistent wit! 
theory of '' hydrogen ion catalysis, hnt that they appear 1 
capable of interpretation on the lines of i..ap\vorth's theory of j 

For assistance in preliminary experiments, I desire to expre^ 
thanks to Mr. R. YVheatley, B.Sc. 

I’jIY.SlCAr. (.'h KM IS'ITV Labokatory, 

The UxiYKRsiTT, 

Leeds. 


II. — Crijo-'icopi(\ EhiiUiost^opJr, and Assnciafuni 
Coifdatits of Triini'tlajJvarhvitoh 

By WiRLTAM Ringuosk Gelston Atkins. 

was suggested by Professor E. A. ^Yc^ncr that trimethylcar' 
might be a useful sohmmt for molecular-\veighb deterniinatioi 
cryoscopy, as it was the only one of the lower alcohols that 1' 
convenient melting point, and rvas not likely to dissociate comp'i 
certain organic compounds which were being studied by him. | 
As the divergence lictwcen the values of E, the molecular lo\v<j 
of freezing point, as found by experiment and as calculated i 
the heat of fusion. Avas very remarkable, the study of the eb| 
scopic and a5.sociation conslaiits was also undertaken. 

Trimethylcarbinol was found by Pateriib and Ampola {Cuz: 
1897, 27, i, 481) to give one minimum on the freezing point i! 
with p-bromotolucne. and one with thymol; they point out ;■ 
the freezing points of these mixtures cannot be even approxini^ 

calculated by the formula E ~ With phenol they 1 h' 

complex c*'''rvc, showing two maxima and three minima. Calculal 
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[heir data shows that the compounds (CH 3 );^C*OH, 2 Cf^H 5 *OH 
(CH 3 )sC*OH,CgH 5 *OH are present, making allowance for the 
iture of the curves. 

erno (J tti R. A read. Linrei, 1907, [v], 16, ii, 153) has shown 
he compound (CIT;,)<jC*OH,2HoO exists from a study of the 
iig point diagram, but viscosity determinations show that it 
ipleiely dissociated a few degrees above the melting point of 
.ire alcohol. Subsequently, Paterno and Midi {A tii H. A read. 
I, 1908, [v], 17, i, 396) drew the conclusion tliat there 

0 correlation between the density curve and the temperature- 
)sition curve for the plienol-trimethylcarbinol mixture. 

> melting point of the alcohol, 2, >•53''^, is abnormally bigli for 
erics. It seems that this is duo to a. combination of two 
‘S. It lias been pointed out by Carnelley (Smiles, Ch(:nvc(d 
itution and Some Phiincal. Prnjir-rtie.<^ p. 200) that among 
rides the compound with the more symmetrical structure 
}ses the higher melting point, whilst Markownikofi has shown 
[he compound wdth the more highly branched chain of carbon 

1 melts at the iiigher temperature. Now trimethylcarbinol is 
ice t)ie most symmetrical alcohol, fur the methyl group 
= 15) is very close to the hydroxyl group (OTT — 17) in weight, 
he most highly branched form of carbon atom cliain is also 
at, hence the remarkably high melting point. 


Cnjoscopic Co?ufa?d. 

hlbn.um's trimethylcarbinol wa.s purified by distillation with 
ne (S. Young, Frarfional BhJ'dIalknu p. 233), and placed in 
oner tube of a Beckmann apparatus, with stirrer and drying^ 
attached. Tlic following substances were employed as solutes 
stermine the. constant : ^^-dibromobenzciic. acetanilide, thio- 
midc, p'toluidine. and a-naphthylauiine. Tlie details are given 
e experimental part of tlie paper. The values of K ranged 
134’5 to 82’5 for yedibromobcnKcnc as the concentration 
iscd, from lol’l to 72'9 for acetanilide, from 152'5 to 137'4 
tnaphthylaniine, whilst thiocarhamide gave /f“S3’7. Taking 
H'crand's {(■ofupL n nd., 1003, 136, 1034) value for the latent 

i Ji pz 

d fusion, .<t = 20'97S eul, and evaluating the expression P= .. . 

j ^ = lh91 cal. and T,. is the melting point on the absolute 
it is found that E (calc.) =84’"). 

appears at first sight as if the determinations had been made 
substances which dissociated in solution, and thus gave iu 
j solutions a depression nearly twice as great a-^^fW’ould be 
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expected, whilst in concentrated solutions the theoretical valii 
more nearly approached. However, the chemical evideii 
strongly agailist the dissociation of the solutes employed to any 
like the extent required, at any rate. Moreover, it was found 
the pure alcohol was practically a non-conductor, and when a 
p-toluidine was dissolved in it, no difference could be detected 
conductivity, although a sensitive galvanometer was used. 

To test the possibility of the unexpectedly great lowering o 
freezing i)oint being due to the hygroscopic nature of the li 
the apparatus was allowed to remain for one day, when 
de{)rcssion was found to be only O' 02° lower than on the pre 
day. Taking into account I he difficulty of obtaining two 
sccutive reariings with this solvent, which differ hy less than ( 
it is clear that the slow absorption of water wall not explair 
results. The decrease in K with increase in concentration is 
against such an explanation. Separation of the solute wit! 
solvent would, of course, lower the value of E, and so need n 
considered further. 

There still remains the possibility of error having arisen thr 
the too giauil separation of the solvent on freezing, and throi 
radiation effect from the cooling bath. Accordingly, fresh c 
miiiations were made, using as solute, the 

peraturc of the bath being -0'8° and — 2'5° below that oi 
solulioii. Tlie value thus obtained for A was corrected by Rai 
equation {Compt. rend., 1897, 125 , 751), A = A ,(1 v 
S is the supercooling in degrees, and K is a constant obtained 
the expression ; 



in which 71 is the heal of fusion of the. solvent, r the water equiv; 
of the part of the apparatus wetted, 7? the water equivalent o: 
solvent used, f the time from freezing to steady temperature, 
T the iiiru^ for the apparat us to cool or warm 1° by radiation, 
resultant value was A = 128, wbieli agrees well witli tlie d 
m illations of K in the main scries. 

Thus for a dilute solution of p-dibroniobcnzcnc the value of 
128, whereas theory requires it to be 84’5, The discrepancy 
be accepted as a fact, and an explanation attempted. On lliis 
the nearly normal values obtained with more concentrated solu 
are to be accounted for as due to association of the solutes, v 
is just what is to be expected, especially with substances contai 
amino-groups. p-Dibromobenzene was selected as a solute as 1 
in every way a “ normal ” substance, giving a unimolccular li 
on fusioiNk^^Ci'ompton, Trans., 1897, 71 , 925). Accordingly. 
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tor 


E found with it has been taken in preference to 'a mean 


i of interest to calculate the values of E from data given by 
10 {(oc. cit.) for the alcohol-water concentration-temperature 
in. Here ^ = 88‘8 for an addition of 1’34 per cent, of water, 
,11s off considerably, due no doubt to association of the water. 
5'74 per cent, of water, .E' = 64'G, and at the minimum point 
curve, ii’~45‘l. As the depression of freezing point amounts 
F for 1'34 per cent., it is probable that a higlier value for E 
'be arrived at for smaller depressions. Considering the other 
his curve, in which water is the solvent, with 5‘79 per cent. 
)Uol, we obtain and w’ith 1119 per cent., A — 25 1. 

olccular weight of the alcohol, of course, varies in the inverse 
on. Taking .S' — 18'7 for water, then il/ — 72 and 55 at the 
live concentrations. Even allowing for the calculations being 
on a percentage basis, not as grams per 100 grams, the results 
ajipear to indicate dissociation of the alcoliol, an appearance 
comparable with the behaviour of certain substances in tlie 
1 as solvent. 

[however, with Crompton {Joe. clt.), we admit that the 
rion of the solvent has to be taken into account as well as 
I the solute, we have to consider his third case, that of a 
iecular solute in an associated solvent, and must calculate 

jy X ", and E= " x where “rt '' is the association factor 
a 100s a 

vapour, “ j: the association factor of the liquid, and s and R 
j the heat of fusion and gas constant in calories. Then, as 
ind ,rr^T9 from 2G — 36°, as found by Ramsay and Shields' 
d (Carrara and Ferrari, Gazzeita, 190G, 36, i, 419): 


1-991 1-9 

1005 ^ 1-0 


lGO-5. 


3 value for E is sufiicienlly high to include all the values 
by experiment, the lower values being, as before, attributed 
ociation of the solute. As, however, the above relation of 
item has been rejected t^^enist, Chem'utnji Eng. 

i 4tli cd., p. 2G8), this explanation can hardly bo regarded 
pfactory. 


bing now to vanT Hoff’s equation, E- 


irn 


it is seen that s i.-? 


[ly value open to question. Taking the experimentally found 
7f = 128, and using it to calculate s, we obtain 5-13‘84 cal., 
aust 20-98 cal. (de Forcrand, loc. ctt.). De Forcrand had 
i as to whetlier the deiinite state of the solid was reached at 
If it is nob, dilfeieiit values would, of course, found 
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according to the length of time the alcohol remained solii 
determined Cs between -21*5° and +14°, and concludes : 
only increases between his first determination and his last b] 
cent, at the most. Hence s cannot change either. In li 
experiment, however, tlie alcohol was kept at -21*5° for four 
Thus a quick change would escape detection by his method, tl 
low temperature coiiducing to even greater rapidity. He p] 
further to test his values by the relation he had previously devi 

^^.^=30 (28 to 32) nnd^ 1903, 136 , 945), where 2’ 

absolute boiling point, and L and .S' are tlie molecular he, 
vaporisation at the boiling point and of fusion respectively. 

4*.'^ = -? ^ 30-85, the agreement beiTig satisfactory. 

similar calculation he made, using 5 — 13'84 and conse<j^ 

*S' = 1024, we obtain - 29-6G, which is still witlij 

3oo-8 ' 


limits of the constant. 

The abnurinally low value of Crompton’s relation {loc 
I'OO (where d is the density at the melting point, v 


represented by T on the absolute scale), -which trimcthylc; 
affords, namely, 0“54, may point to 2()-98 being too low a v;i 
but it seems far more likely that it is due to the rem., 
high value of T\ due to the influences referred to before. i 
Now it is quite possible that in the case of trimethyhj 
wo are dealing with a substance possessing two crystalline i 
rations, the unstable rapidly passing into the stable. Inc 
number of facts seems to point to tliis conclusion. To beta: 
when the alcohol is supercooled and suddenly .'Solidifies, ;ii 
mass of needle crystals is produced. After keeping for a i 
22°, none of this form can be found, but a number of pt- 
forms have -appeared, which are often hexagonal in shape. ;; 
in two or three hours but few of fhe needle form are to 1; 
Both forms illuminate and are extinguished when rotated 1 
stage (]f a microscope in plane-polarised light. The minute t 
and the longer ones formed more slowly give greys of tl) 
order, as do the smaller plates, whilst tlie larger ones re 
colours. He Forcrand {h>c. at.) describes tlie crystals as d 
from a flattened oillioihombic prism with moditications /t 
does not mention the needle form. Professor J. Jolvs 
kindly examined both lorms for me, ami, while agreeing ti. 
large crystals were orthorhombic, did not think it possible lol 
to what: system the iieedhc-j Indonged. In the crYstalli'-itl- 
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f ly occurring minerals, monoclinic substances very frequently 
an acicular form, and most organic compounds belong to this 
I but, on the other hand, the birefringence of. both plates 
‘edles was very much the same. To sum up, examination of 
'stals in polarised light gives no certain evidence for or against 
istence of two modifications. 

attempt was made to study the change hy taking a series of 
raplis under polarised liglit, as dcsci'ibed by Pope (Trans., 
35, 455) in his work on chloral hydrate. However,* owing to 
fficult-y of preventing the crystals from melting without a 
of dew on the slide, I have not as yet been able to obtain 
hotographs, 

lay be iliouglit that in the passage from one crystalline con- 
do another the change in the licals of fusion would not be at 
^Tcat as from 13'84 cal. to 20'98 cal., for in the case of 
c and inonoclinic suiplinr the diiterence is small. With 
hydrate, however, Bertlielot [Couipt. rtnd., 1880, 90, 812, 
:ound s — 17*52 cal. for the freshly melted crystals, and 
3 for those which liad remained solid for some time. Pope 
nently proved that chloral hydrate was polymorphic, and 
a number of substances show these phenomena in a lesser 

i) the discrepancy in the two heats of fusion of trimctliyl- 
d1 13 due to the existence of two crystalline modifications, 
xy unslahle, seemed to me to be all the more probable, as 
inn /V/y.N'. (7/rm., 1S99, [iii], 68, 553, (.)29) lias found a 

|ioint for the liquid and two solid pliases at GO^ and 1700 
pressure. From the triple point, two melting-point curves 
ll', and also a transition curve, giving the temperatures and 
^ at which the modillcations change in the solid state. From 
of crystals which are absolutely stable only under higdi 
ree, Skrabal plti/siknL VJnm,. 1910, 73, 171} points 

at there is a connexion between the vclocily of a chani^e and 
ibility of the reaction products in such a way that the more 
bhe reaction the greater is the possibility of obtaining the less 
products. This, he states, is in accord with tlse results of 
experiment. Now, the separation of the needle crystals of 
hylcarbinol is very rapid, and it seems probable tliat tliis is 
rm which Tammaun found to be stable only at high pressures 
mperatures. Its great instability at the ordinary temperature 
atmospheric pressure accounts for its rapid disappearance, 
iso shows why the heat of fusion of the two forms is so 
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Ebnllioscopc Constant. 


Taking Ik'e mean of values obtained with p-dibromol 
carbamide, and naphthalene, the constant is found to In 
value E~ 17 ' 4 : 0 . Lower values, E = 1^ 77 and 
obtained with thiocarbamido and stearic acid respective!; 
dilation from van't Hoff’s equation gives A’ =19-78. 

D. E. .Tsakaloios (Compf. rend., 1907, 144 , 1104) gi 
relation : 


E = M X 


4751ogif' 

T 


0-35 


where T is the absolute boiling point. This gives 77=19 
agreement with van’t Hoff's equation being good. As, how( 

E 

associated liquid is being considered, the expression ~- 

E X 


should be used, where E is the value for another inembe: 
homologous scries considered. Taking A’^lLo for ethyl 
the value of Ex is 18-97. This is in closer agreement \ 
experimentally determined value, 
ilaume and T.sakalotos [Compt. rend., 1907, 144 , 373) { 

equation L = , where ^7 is the mechanical equivalent 

JMp'dT 

and E is the gas constant. Combining this with /i = ^ 


dj' E 


taking 


R 

J 


— 0 


Xol being able to find a recorded value for 


dp 

dT 


for trimethyb 


that for propyl alcohol was taken, = 28-8, The above i 

gives E=^ 19*53, in very close proximity to the previous values 
If, on the other hand, the value of E from van’t Hoff’s equ- 

taken, calculation gives 28'4 for the tertiary alcohol. 

To sum up we have : 


Kx]-(;miK‘!ital. vaii't llotl' (ealLv). TsahalotoH (calo ). Ituiico aii-lTKthalf 
A’l/H 19-7^ ]947 and 181*7 

It thus appears that the experimental value is too low f 
reason. Further determinations are desirable. 

De Forcrand’s value for L was employed. In his 

T ~ 355 8 -2 '49, evidently a mi-sprint for 2G-5, 

close loS^e value given by the other alcohols. 
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A ffsociatiori Factor. 

ilculation was made from Ramsay and Shields' formula from 
f yt recorded in the experimental portion of the paper. The 
f Carrara and Ferrari {joc, clt.), with which I subsequently 
acquainted, are given for comparison; x denotes the 
on factor, t represents the range of temperature. 


t. 

x. (, 

.r (CiiTrara’ 

•5- 46*4" 

1*406 26—36° 

r934 

•7— 4fi*6 

1*370 36—40 

1-515 

4-800 

1-295 40—4.'* 

1*268 

■6-79 *5 

1*3 13 Mean 36-45 

1 391 

•0-47-0 

1 -338 



rreement between the two sets of values is satisfactory. The 
ue of X at the lower temperatures is to be noted. It is of 
to compare these values with those arrived at by Walden’s 

^{Zeiisch.physlkal.CJiem., 1908,65, 129). He gives =con.st. = 

a“ 

ere denotes the latent heat of evaporation at the boiling 
id a" is the speciiic cohesion at the same temperature. Here 


t ion shows .some abnormality, for trimethylcarb.'nol 
i,-=24'8. Again, lie gives 1 '16, and the divergence of 

nt from its normal value may be taken as a measure of the 
( 1 ^. The calculated constant is I'OO, u hich gives a:-"1094 
i^ing point, 

jmd Mojo'iu (/. Chim. phijs.^ 1909, 7, 169) have shown that 

III 

|*osimately constant, varying from 0 0173 to 0 0188, whereas 

s . ... *^7 

taries from 0*0163 to 0*0205. They apparently take = 

F ’ 

ing thus, the tertiary alcohol gives ^' = 0 0253, a considerable 


tce. 

tinescu has studied association by a d tt'erent method (/. Chim. 
08, 6, 552). He finds for unassociated liquids that the following 

holds: ( — ~ ^ w’here is the number of atoms in the 

\ioozv 

e. By a comparison of n (calc.) with n (theory), the degree 
iation may be estimated. Taking Paterno's value for 
ylcarbinol gives (calc.), //-15 (theory); hence at 

1‘27, which does not agree with the results of the other 
5. As it might not be pennissiblc to u.9c this valiRMor 
XCIX. 
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.smoe trie n. oiling point is S.rlO^, tl>c constant 
nentanc and hcxano, as being in every way iionnal liqi d , at oO , 
takinn tlio densities given by Yon.ig {ScL I’roc. Hoy. Duhlm io,., 
1910, 12, No. 31). Then for = 100 (approx.) the 

values l'>ro and ll'-.O wore olit.iined for pentane and he.xane respcc- 
tivolv at ;i0b al.so IIG 9 and IIB'O at 0°. Substituting tlie mean 
constant at 30o, and correcting fnr the constant at 0® being 114 C 
inslead of 100. llie value .r = I'l'i at 30 ® is obtained. The agrccineat 
is no better than before. To sura up, the values arrived at by 
Karasav and .Sliields' method agree fairly with ti.at foupd by 
tValdcii’s cqiialioii for the boiling-point temperatiue. It Mill be 
noticed (bat tlie former nieasuremeiits give the niean value over ,a 
r.aiK-e of temperature, whilst the latter give the value at a ilclhiite 
tciuperalure. The results obtained by Longiiinescu’s relqjtKm do 
not auree with those of the two previous nictliods, and judging by 
the wide divergence of the constant even with normal litiiiiils, 
such as pentane and hexane, but little more than cpialitativc resiih 
c.au be obtained from this method. 


Expeeimextal. 

CryoscDinc Constant. 

The apparatus ii?ed was the orcliiiary Beckmann. wHli _ ^ 
air space between the freezing tube and tlie outer jacket, 
was also an air space, as the freezing point of the alcohol only 
slightly above room temperature. When tlie solvent was supcrcnolcd 
0-3^ to 0-6^, the appearance of needle crystals was extremely mpitl, 
and the temperature rose. A steady state was soon reached, hut a.s 
a, cttnsidcrablc quantity of the solvent had crystallised out. the iiiti! 
w.as withdrawn, and the heat of the hand .‘^^ufllced to melt mosL 
of the crystals. The tnlic was then rc])laced and allowed to .steady 
down, it reached a ])oint fl'C) to 0 05^ above the former reading. 
This was taken as the true freezing point. It is worthy of note 
tlukt this is close to the correction calculated from Raoult's fornnili 
and applied in the last experiment. 

The alcohol used all distilled over between 82’35*^ and 82’o5'' 
under 700 min. picssuvo (corr.). In the tables below, f denotes tlic 
weight- (I solute dissolved in 100 grams of solvent ; A the depression 
of freezing point; A the molecular lowering constant as calculated 
from A; and M the molecular w'cight of the solute as calculated 
from A and the va.lnc of 7; obtained from vaiiT Hoff's formula 
(namely, bl';)); l denotes the temperature of the Oiiter air jacket, 
the inner aii- Jacket being alioiit O'T^' higher. From 10 to 12 granu 
of alcoi^ were used in each experiinent. 
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Solute : 2 ^-dibromobenzene, M — 236. 



A. 

E. 

u. 

t. 

2 '27 

1*18 

122-8 

163 

19-0“ 

5-42 

2'31 

100-5 

198 

21-1 

8-99 

3 ’14 

82-5 

212 


10\S3 


— 

— 

19-9 

Vine crystals of the solute separated before the solvent froze. 

0-31 

0-17 

128-0 

155 

19-7^ 

1-04 

0'47 

lOG'O 

187 



Solute 

acetanilide, M 

= 13d. 


feolveiit contained about 1 per cent, of p-diljroniobenzene. 

H. 

A. 

E. 

J/. 

f. 

0-38 

0'43 

154-4 

75 

19-1“ 

115 

0-97 

112-3 

100 


1 -93 

1-47 

102-0 

111 



G'31 

3 n 

729 

1 50 

- 


Solute : 

lliiocarijanudo, 




A. 

E. 

J/. 


0-33 

0‘4i35 

83-7 

01 

18-9" 


Solute 

yj-toluidinc. J/ 

-107. 



A. 

]■:. 

M. 

f. 

0'27 

0'37 

147-7 

61 -7 

21 -cy 

0-46 

0-G5 

],5-2 5 

59-3 


0-7S 

1-U7 

U7-2 

01 -4 


1’93 

2-50 

138-0 

0.5 ’3 


3 2ti 

4i9 

137-4 

05-8 



Solute; a- 

naplitliyiaiiiine. 

-V- 1-13. 



A. 

E, 

. 1 /. 


0';:i 

0-217 

112-1 

1 11 . 8-0 

21 -7" 

u-Grt 

0*51 

110-9 

103-4 


Mt> 

0 89 

I'.'OOS 

no-u 


2-10 

l'4i 

95-8 

i-jo-i 


4 -or. 

2-13 

85-7 

Ml -0 


G-7i 

3‘ / 3 

79-4 

152-2 

-- 

Sohilo; 

\\ ater. J/ - 

18. Fi'ein PnU 

'mb’s curve 

data. 


p ]irr ociit. 

A. 

E. 

.V. 

l-:;4 

O'O 

88-8 

17'1 

2-53 

12-2 

86-8 

17-5 

3-04 

15-3 

75-5 

20-0 

4-55 

1-U 

07 '3 

2 1 -3 

5-74 

20 0 

04 'D 

23-5 

8-00 

25-4 

57-0 

20 7 

12-03 

30-2 (max, a) 

45-1 

33 -d 
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Solute: irimethylcarbinol, .1/ = 74. Water as solvent. 
From Patei’Do's curve data. 


Alcoliul [ter ccujt. A, 

.r79 r.5 

7-74 2 A 

1M9 3-3 


19-2 
23-0 
25 1 


J/. 

72 

61 

.55 


}?(‘rision Seritis, 

Solute : ^j'dibroniobeiizcne, J/ " 1^30. 

R JA 

133-6 149-4 O'S" It-Iow 111 . i). of aUtolioI 

^ ] 2 S" billow 111. u. of ak-ohi /1 
loo'b ) 

The correction was made from Raniilt’s equation, 
where 

. 1 


s. A. 

0-295 0 167 

]- 9 l f l 


+ lij " V* ' I‘Jr " .«■ 


1 + 


(The notation has been previously explained,) 

The second term is negligible, as t = l min., T~20 min,, and 
N — 0‘08°, However, as /- — IdT, and /c* = 14'5S x 0722, the cor- 
rection a,s a wliole is considerable. 

Constant-s of trimethylcarbinol employed in calculations through- 
out the paper : 

Afelting point 25’o3°, and boiling point 82'55^ (S. Young, Frac- 
t h> nal J)i.< tillat io n ) . 

ilelting point 2(r43^, and boiling point 82\S^, at 761 mm. pressure. 
(De Fo reran d.) 

Sp. heat, liquid, ^7^ = 0-722 from 2J'45° to 44 80®. (De Forcrand.) 

Sp. heat, solid, Cj? =0-530 from -21 '5® to -1-147 (De Forcrand.) 

Heat of fu.sion, s = 20 978 cal. ) . , .m -i-. i-» 

’ ^ At 25*457 (Deborciand. 

alolecular heat or fusion, o = 1552 cal. J 

Heat of vaporisation, / = 127'38 cal. 1 

Molecular heat of vaporisation, A = 9426 cab J 
(De Korcrand, loc. cit ) 

p'- = 0 81388 - 0’001256i (Paternb, Atii H. Accad, Lhic^i, 1907, [v], 
16, ii, 153), Paternrj actually gives 0'000I256b but I believe tlii« 
to he a ujispriiit, as it does not agree with hi.s own values for p\- 
with the values of Thorpe and Jones (Trans., 1893, 63, 278). 


Eh ulUoscoyic Con slant. 

The apparatus used had a platinum wire fused in the bottoni, 
and was surrounded by a vapour jacket. This was filled with pure 
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benzene, the boiling point of which differs only by 2' 5° from that 
of the alcohol. There was not enough of the pure alcohol to use 
g^s a jacket. A series of readings was taken in eadh case, and 
chips of a clay pipe stem were added from time to time to avoid 
g^pcrlieating. The stem had been boiled with water after being 
broken up, and was heated to redness and allowed to cool, just 
before use. 


Solute : p-dibromobenzene, M — 236. 


s. 

A. 

E, 

2-01 

0-12-2 

14-31 

6-81 

0-371 

15-05 

8*27 

0-578 

16-50 

11-67 

0-850 

17-21 

Solute ; 

thiocarbamide, J/ = 76. 



A. 

E. 

0-81 

O-HO 

1314 

1-18 

0-213 

13 77 


Solute; carbamide, il/ — 60, in presence of the thiocarbamidc of the 
previous series. 

A. A’. 

0-695 0-205 17-69 

2 07 0 596 17 24 


Solute; stearic acid, il/ = 284, in presence of carbamide and thio- 
carbamide, as before. 

a, A. E. 

M3 0-049 32-50 

3-05 0-17S 13-17 


Solute; naphthalene, i1/ = 128, in presence of thiocarbamidc, 
carbamide, and stearic acid, as before. 

A. E. 

0 - 1.50 17 66 


]IT- 

Calculation from E = - gives the value 1978 as against 17*4.5, 

100 / ^ ^ ’ 


a mean of the values obtained for carbamide, naphthalene, and 
the highest value for 2 ?-dihromohenzenc. It will be noticed that 
there is a rise in the value of E w*ith rise in concentration, which 
is the very reverse of the effect of association. This is most marked 
in the p-dibromobenzene series, and is quite beyond the range of 
experimental error in determining the boiling point. The qtiestion 
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needs further investigation, but it seems possible that it may 
explained by the adsorption of the solute by the pipeclay chips, 
which were present in quantity. 


AssociaiioTi Factor. 

The value of y was ascerUiiicd by measuring the height of the 
liquid in a capillary tube at various temperatures, using pure ethv] 
cllicr, carbon disuij)lii(le, and benzene to give constant temperature 
va])our jackets. A thermometer capillary was used, after its 
uniformity of bore had been tested. All measurements were made 
on a falling column. Before taking a reading, the temperature- was 
mairiiaiued constant to for fifteen to twenty minutes. In the 
ta,lilcs, h denotes the heiglit, in scale divisions, one division -0‘0798 
cm, Radius of tiibc^=0'009li cm., as found by calibration with 
mercury. 

Sfvlcs A . 

The melting point of the alcohol used wa-s 23'95; p‘^/ = O’7820“ 
from this, pi — ()'8143 was found by Paterno’s formula, and the other 
values were calculated by it from the above value. 


If. 

Pf. 

t. 

yt in tlynes. 

681 

0 7708 

34 -5 

19-45 

6.V1 

07886 

46 '4 

18-23 

56-1 

07138 

80 ‘0 

17-84 

- 

07103 

S2'5 

17-81 (calc. 


Serifs B. 

The alcohol employed distilled over between S2-5P and 82-55'^ 
under 770 mm. pressure (corr.). 


hf. 


t. 

C7-9 

0770.3 

34-7 

64-9 

07r>-i3 

46-6 

.’itrO 

0-7140 

79’.') 

■ - 

07103 

82-5 

From these 

values, the association factor 


employing t he expression : 


T- 

19 '38 
18i7 
ir'82 

1779 (calc.), 
a: was calculated, 


Mr = 

The values of y at the boiling point 82'5o wero ealeulatcd br 
means of the coefScients 0'012 and O'Oll for Hie change in tie value 
of 7 expressed in dynes per degree in series .1 and H respeotivelv. 
These were derived from the dC- S0=> range. The surfafe-tensiba 
measunements were performed in the presence of dry air, not in a 
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^gruiiin. That this is quite permissible has been shown by Renard 
and 1907, 5, 81), 

I ta'be this opportunity of expressing my tJianks to Professor S. 
young for the use of apparatus and for the boucht of his advice, 

pSiVfiUSITV UflKMrCAL L.VBOKATOIIT, 

TaiNiTY Cqup:ge, Dublix. 


l[i. — \^-BroMO - ^ - ph.('.}ujl(hJi }j<lri)^\ : 3 -l)en':oxa:,ine-i-onc 
and RclaU'd Dcriraiives, 

By Eknest Chi s LETT Hughes and Authuu Walsh Titueuley. 

Ix a> previous paper (Trans., 1910, 97, 1368) the authors described 
a series of chloro-derivatives in connexion with the study of the 
action of chlorine on 2-phenyldihydro-l : 3-bcnzoxazine4-one (I). 
The behaviour of the latter compound with bromine has now been 
examined, and it has been found that simple hromination occurs 
in the benzene nucleus, yielding 6-bromo-2-phenyldihydro-l : 3-bcnz- 
pxazine4-oiie (II), whilst no substitution of the 2-hvdrogen atom 
takes place such as occurs in the corresponding experiments with 
chlorine; that is, the expected unsaturated derivative, 6-bromch 
2-phenyl-l : 3-benzoxazine4-oiic (VI), is not produced. This com- 
pound, however, can be obtained by suhniittiiig 6-bromo-2-phcnyl- 
dihydro-1 : S-benzoxazine l-onc (II) to the action of chlorine instead 
of to the further action of bromine, when in henzotrichloride 
solution at 110° substitution occurs at position 2, yielding the inter- 
medialo 2'chloro-6-bromo-derivativo (VIII), which immediately 
loses hydrogen chloride as in t he case of the 2 : 6-dichloro-compound 
(loc. cll,). It is evident that the hydrogen atom at position 2 is 
readily affected by chlorine, but not by bromine. Further, the 
unsaturated ring compound (VI) has been syid helically prepared 
from O-benzoybo-bromosalicylainide (V) (obtained by pyridine 
henzoylation of 5-bromnsalicylamide, IV) by the same dehydration 
raclhod as that used in the preparation of the corresponding 6-chloro- 
compoimd. Further, the constitution of the dihydro-conipound (II) 
lias been confirmed by its independent synthesis from 5-bromo- 
^alicyl amide (IV) and bcnzaldehyde. The properties of the two 
broino-oxazone compounds (II and VI) are in every respect similar 
to those of the corresponding chloro derivatives, and whilst 6-bromo- 
-■phenyldjhydro-l ; 3-bcnzoxaziiie-4-oiie (II) on trcatincx't with 
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pyridijic and alkali yields a labile .«y/?-benzylidene-5-bromosaji(;-y], 
amide (III), and with boiling dilute alkali, benzaldehyde 
b-bromosalicylamide, ()-bromo-2-plienyl-l : 3-benzoxazine-4-ont‘ 
is converted by treatment, with alkali (or acid) into ^V-benzoyj^ 
5.-bromosalicyIamide (VII), which on further hydrolysis 
O'brojnosalicylamidc and benzoic acid. The same reversible re. 
arrangement })henonieiia have been observed between 0- and 
d'-benzoybo-bromosalicylajnides (V and VII) a.s bet ween the corre- 
sponding' 5-cbloro clerivatives and 0- and V-benzoylsalicylamides 
The above relations are expressed in the scheme; 


CO CO 

/ V Hr Bi'/ V ^ Br 

J^ jeuvh /Ciirh * 

6 


co-n;chpii 


(I.) 2-I'}ioiiyl(lihy,]r(i- (fLi (t-Hroiiio i-pheiiyl- 
] ; S-lioii/o.xa/.iue- ilihydro-l : S-teii/,- 

4-(>np. oxazLiie - 4 - oue 

{ra. p. 

7i 


OH 

(III ) .s7/a.-Benzy]i-],.np, 
5 - bromosalicvt. 
^unide. 


/CO-XH, 


Br/ 


+ OiCHPh 


]sTi<oi Br 




'OH 

(IV.) 5- lb omosali in lam kie 
(in. p- 23s'I. 


'"O-COBh 

(V. ) 0-benzoy]-5-].romosalit;yl,ii,ii.p 

(ni. ]t. 154'). 


CO 

\/!\;cph 

c 

(^ T.) 6-ljfomo-2-pheiivl- 

1 : o-banznxaziiip- 
1 '-iio (ii!. [,. 20S‘), 

I 

00 


Br, 


NH 

icciPh 


0 


(VIII.) Xot isolated. 




Br^^ 


.CO'NH-COPh 


"OH 


0 II.) .A •Br.'nzoyl-o-bi'aitio- 
salicvlaTimle (ui. n. 
249'). 


CO 


Bf/ 


NH 

CHPh 


0 

(II. 
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Experimental. 


^-Bro mo -%'ph€n}jJdihydro-\ : Z-hcnzoxaz 'inc-i-one, 


CO'NH 
" ’ ^O-CIIPh' 


^1} Bromnuliion of ^-Phefn/hUJiydro-X : ?>-lifnzo:.rfizlneA~onf . — 
proniiiiAtion proceeds easily in the cold, but owing to a secondary 
reaction, in which some water appears to be produced, a considerable 
quantity of bromosalicylamidc and bcnzaldchyde is formed as a 
bv product. A solution of 10 grams of 2-plienyldihydro-l : S-benz- 
oxaziue*4-one in L'liloroform was gradually treated with 5‘2 grams 
of bromine; the red colour rapidly disappeared, and a pale yellow 
solid separated (4'5 grams), which, after two hours, was collected 
and recrystallised from alcohol. It melted at 235®, gave a strong 
violet colour with ferric chloride, dissolved with slight fluorescence 
in sodium hydroxide, and was identified as 5-bromosalicylamide. 
{Found, N ^ 6'45 ; Br. ^ 36'68. Calc., N = 6'48 ; Br = 37'03 per cent.) 

From the chloroform filtrate, which contained impure benz- 
aldehvde, 6-^;'omo - 2 - -1:3- hfnzojazineA-ont (4‘6 

f^rains) was isolated as a pale yellow solid by evaporation and 
diirestion with cold dilute sodium hydroxide. It was obtained pure, 
hv rccrystallisalion from hot benzene, in fine, colourless needles, 
melting at 223® : 

0’3506. by Kjeldahrs method, required ir2 c.c. A/lO-HCl. X -4‘42. 
0-:il86 gave 0-1340 AgBr. Br- 26-08. 

Cj^HujO.jNBr requires N -1 61; Br^^26’31 per cent. 

Tire compound is sparingly soluble in cold alcohol, benzene, or 
acetone, moderatelv so in cold chloroform, and readily soluble in 
iiot alcohol or benzene, from both of which it crystallises well on 
cooling. It is readily decomposed on warming with dilute sodium 
hydroxide, giving benzaldchydc. 

(2) Vondfjuoilou of irylou} idr ond B/nzaldfli/df . — 

The requisite 5-broinosalicylamide (described by Kauschke, Jr pr. 
('hem., 1895, [iij, 51, 211) was obtained by adding 60 grams of 
bromine gradually to a boiling solution of 50 grams of salicylamide 
in 1500 c.c. of chloroform. A vigorous reaction took place, the 
colour of the bromine disappearing immediately, and a copious 
precipitate of the bromo-derivative being formed. The chloroform 
was liiially distilled off in order to remove the hydrogen bromide, 
winch proved troublesome unle.ss eliminated at this stage, and the 
solid collected and wa^shed with a little ether. After recrystallisation 
from alcohol, it melted at 238® (Kauschke gives 232®). The cou- 
deiisaliou of o-bromosalicylamide and benzaldehyde waJ easily 
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eOtected.’ Five grams of broraosalicylamide were dissolved by 
warming in 20 c.c. of benzaldchyde, and 0’5 c.c. of alcoholic 
hydrogen clibride added. After heating at 100° for a few minutes 
and allowing to cool slowly, 6-bromo-2-plienyldihydro-l r 3-ben?;- 
oxazine-4-ono separated, practically pure, a-s a thick mass of colour- 
less crystals (6 grams), which were collected and washed with a 
little *alcoliol and ether. It melted at 219°, and, after n;. 
crystallisation from alcohol, at 223°. The substance was identical 
in every respect with that obtained by the bromination method, 
and a mixture of the two melted at 223°: 

0’4666, by Kjeldahrs method, required lo’o c.c. A/IO-HCI. N'~4-C4. 
0-4104 gave 0’2540 AgBr. Br=:26-34. 

Cfjllir,0.,NBr requires Br-26-ol per cent. 


i-/b: w ZijJ Idi' n C O h ro m osalf ctjla midc, Cy I o Bf 


co-d^:cHPh 

OH 


Two grams of G bromo-2-pIieiiyldihydro-l : 3-benzoxazine-4-one in 
30 grams of pyridine were shaken with 20 c.c. of 10 per cent, 
sodium hydroxide for half an hour, after which time the bright 
yellow colour first produced had disappeared. The solution was 
diluted with water to 7o0 c.c., and acidified at 0° with dilute hydro- 
chloric acid. The resulting thick, white, amorphous precipitate, 
consisting of tlie .s^/i-bromo-derivative, w’as collected, repeatedly 
washed with water, and dried on porous porcelain in a vacuum. 
The melting point (100 — 150°) was indefinite, and it was not found 
possible to crystallise the compound without rearrangement to the 
cyclic isomer ide, hut it wms practically pure, as shown by its 
properties and analysis. The yield was quantitative : 

, O’olGG, by Kjeldahrs method, required r7'2 c.c. A/lO-HCl. N — 4*66. 
0-1953 gave 0-1238 AgBr. Br-26-67. 

CyHid'O^XBr requires N = 4'61; Br = 26'31 per cent. 
'^c^\\-JU:nzy!idcnf-odnmno!iidkylamid€ is very sparingly soluble in 
solvents in the cold, whilst in the liot in rearranges. On melting, 
it also rearranges in the course of about forty-five seconds to 
G-bromo-2-phcnvldiliydro-l ; 3-benzoxazine-4-oiie, which solidifies in 
the tube, and then melts at 219—220° 


^-Bronio-^-'idicnyl-l 


Z-hen:oxazlncA'07i€^ Cyi3Br<^ 


CO-N 
1 1 

0~CPlr 


1. Freiiamilon from ^Srr)riw-':^-yhe.nyldlhydro-l : Zdicnz- 
oxazineA-one. 


The action of bromine on 6-hromo-2-phenyldihydrol : 3-benz- 
oxazinc-S-oiie was c> imined under a variety of conditions, but in 
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po case could the desired 6-bromo-2-plieiiyl-l : 3-ben zoxazine4-oiie be 
•isolated. The action in all caser; led to fission of the ring, with 
production of 5-bromosalicylamide. Chlorine, however, gave the 
desired result. Eight grams of 6-bromo-2-phenyldihydro-l : 3-benz- 
oxaziue-4-one, dissolved in the minimum quantity of benzotri- 
ohloride at 110°, were treated with a rapid current of dry chlorine 
for one hour. On cooling, a mass of fine needles separated, con- 
gisting of ^-hromo-2-phenyl-\', Z-hcnzoxazintA-o7i€y which, after 
u-asliing witli benzene, melted at 202°, and on recrystallisation from 
benzene at 207°. The yield was 5 grams, and the product was 
identical in all respects with that obtained by method 2 (see below) : 
0-4078, by KjeUlahrs method, required 13'7 c.c. .V/lO-IICl, K = 4‘67. 
0'i022 gave 0'2522 AgCr. Br---26'68. 

CjjH/)^NBr requires N-i'64; Br- 2G 50 per cunt. 

2. rreyarafion from O Bcnzoyl-o-hromoH.(irtciilamulr. 

TIio method employed was similar to that adopted by Titherley 
(Trans,, 19)0, 97, 208), using anisole as a solvent. A very slow 
stream of dry hydrogen chloride was passed into a solution of 
i grams of O-benzoyl-5-bromosalicylamido (p. 28) in 10 c.c. of 
anisole at 150^ contained in a small distilling flask. The anisole 
slowly distilled off, carrying with it the water formed in the reaction. 
The resulting yellow syrup, which solidified on cooling, was digested 
with oO c.c. of dry boiling benzeue. This left a quantity of 
.V-benzoyl-5-bromosalicylamide (O’ 2 gram), and the filtrate, on 
cooling, deposited 6-bromcv2-phenyl-l : 3-bcnzoxazinc-4-one in a 
practically pure condition (1 gram), melting at 207°. On rc- 
crvstallisation from benzene, it was obtained in small, white needles, 
iiidting at 208° : 

O'lTTO. by Kjcldahl’s method, required 6 0 c.c. A . 10-HCl. N = 4'75. 
0 1330 gave 0 0814 x\gBr. Br-2r)’04. 

C| 4 n<;O^XBr requires N“1’64; Br==26’50 per cent. 

The compound is sparingly soluble in cold alcohol, acetone; or 
benzene, but readily so in the hot solvents, and it is moderately 
soluble in cold chloroform. It is not acted on by cold dilute sodium 
hydro.xide, but with strong aqueous or alcoholic ammonia it. gives 
bright orange needles like the corresponding chloroderivative. 
Dilute acids in the cold do not affect the bronio-derivative, but in 
hot alcoholic solution the ring undergoes disruption with addition 
of water, yielding A-benzoyl-o-bromosalicylamide (m, p. 240°), whicli 
separates as a voluminous ma^s, the yield being quantitative. This 
.^ ■benzoyl derivative was identical with the product obtained by the 
rearrangement of O-benzoyl-b-broniosalicylamide (p. 28), • and a 
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mixture of the two melted at 240'=. It gave the following figures on 
analysis : 

0-3648, by Rjeldahl's method, required 11‘5 c.c, .V/IO-HCL N‘=4-4l. 
0-181o'gave O'lOSO AgTJr. = 25-53. 

requires N-4'38j Br = 25 00 per cent. 


0- /if w : oyl h-h I'om oxf// / ry/f ? tn 


C,;H3Br< 


CO-NHg 

O'COPh- 


A solution of iO grams of rvbromosalicylamidc in 40 grams of 
pyridine (dried over barium oxide) was treated with 10 grams of 
benzoyl chloride with rontinued shaking. The temperature was kept 
at during the addition, which occupied one and a-half hours, 

and the resulting bright red mixture was kept at -15'= for a 
furtlier hour. It was then treated with 50 c.c. of dry ether, the 
ethereal pyridine solution decanted oflf, and the yellow, solid mass 
treated with dilute sulphuric acid at 0°, An insoluble butf powder 
remained, consisting of tlie crude 0-benzoyl derivative, which, after 
washing with water and ether, weighed 10 grams. On rerrvs- 
tallisation from boiling toluene, it separated in fine, colourless, 
glistening needles, melting at 154'^: 

ri-648S, by Kjeldahl's method, required 20’3 c.c. T,’10-HCI. 

0-4528 gave 0-2620 AgEr. Br = 24-73. 

Cj,Kj„0,XRr requires N = 4-38; Br — 25'00 per cent. 

is sparingly soluble in the usual 
solvents. Jn boiling alcohol it dissolves, but almost immediately 
rea.rrange.s to the .V-bcnzoyl isnmeride (rn. p. 2.38'=), which separates 
on cooling sliglitly. 

The same rearrangement occiir.s on melting, the liquid at 1.31'^ 
setting in about forty-five seconds to the solid A-benzoyl derivative, 
wliich then melts at 240°. 


Two grams of 0-benzoyE5-bromosalicyIamide were dissolved in 
the least possible quantity of boiling ^alcohol, and the solution 
diluted to 200 c.c. with water at 80°. The temperature was then 
kept at the boiling point for a few minutes, when a thick, curdy 
precipitate of the pure J-bcnzoyl derivative, melting at 248°, was 
o:>tan]ed. On recrystallisation from pure acetic acid, the melting 
point was raised to 249°: 

s method, required 14*2 c.c. A/lO-HCl. K = 4-39. 
0.}142 gave 0-1842 AgBr. Br-24-9o. 

requires h:.--4-38; Br:. 25-00 per cent. 
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^.Benzoyl-b-hronwsalicylamide is very sparingly soluble in all the 
usual solvents, hot or cold. It may, however, be recrystallised from 
acetic acid if the operation be carried out fairly rapidly to avoid 
jeariangement. It gives intense yellow sodium and ammonium salts, 
which are sparingly soluble in water, from which, on acidification, 
the substance is precipitated in a colourless, gelatinous form. 

}{i:arra7igement . — One gram of the T-benzoyl derivative was 
boiled with 25 c.c. of glacial acetic acid for four hours. On cooling, 
()-2 irram of unchanged substance separated out, and on diluting 
the iiltrate with water. O' 5 gram of O-beuzoyl-5-broinosalicylainide 
was obtained (m. p. 150°), winch, on recrystallisation from toluene, 
melted at 154°, It was completely identical in all its properties 
with the synthetic product. 

OtiGANic Laboratory, 

L'NivEiisiiY OF Liver BOOB. 


\W—Sijnt}i e.s'Ls of C( t ynpJi on c Acid. 

By Gustav Komppa. 

A RECENT paper piiblislied simultaneously by G. L. Blanc and 
J, F. Thorpe in France {Bull. Soc. cJiim., 1910, [iv], 7, 740) and 
England (Trans., 1910, 97, 836), throwing doubt on my synthesis 
oi fampkoric acid, suggests that I could never have obtained that 
substance by the process described, and that my conclusions are 
bfised on an error. Altliough in a position to reply immediately to 
these critics, I thouglit it desirable first to make some complementary 
c.vijCT’iincnts, and at the same time po.ssibly to show that Blanc 
and Thorpe are tbeniselves mistaken in drawing somewhat hasty 
conclusions from their incomplete treatment of the subject. In 
this I have now succeeded, and the present cainmunication is my 
reply to tlieir arguments. 

In the first place, the above mentioned investigators declare that 
the basis of rny syntlir.sis, methyl diketo^/pocamplioratc, cannot be 
produced in sufficient quantities (J. F. Thorpe, Froc., 1909, 25, 94; 
G. L. Blanc, BulL Sor. chhn., 1909. [iv], 5, xvi). Blanc even goes 
so far as to say in his mldress, " I.e Camplirc, ' delivered before the 
Societe Chimique, qu’il hii a ete personellement impossible dc 
reproduire ” this substance, and that the reaction according to which 
it was obtained “ sur le papier ne presente pas grande chance de 
reiissite.’’ When I published a complete account of my researches, 
including the method of preparing the substance, they w'jre able 
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to make use of the latter for their own experiments; they fouad 
it had the properties which I had previously described, although the 
yield wliich they obtained ^Yas not so good as it might have been 
according to rny prescription. It is unnecessary to dispute this 
point, however, because it is not easy for a worker unfamiliar with 
tliis reaction to arrive at satisfactory results, tow'ards the altaia- 
merit of which I have been compelled to persevere for years. 
Nevertheless, my assistants, on becoming accustomed to the task, 
have usually been successful. For example, Mr. A. Lampen’s yiekl 
varies from 45 to 70'5 per cent., Mr. B. Ingniaids from 49 to 07 
per cent., and Mr, W. Salvcn's from 45 to 70 per cent., all heinn 
calculated as described in my paper, Willi the best iritentions, it is 
not always possible to give a siifliciently detailed description of 
such a difficult and complicated method of preparation, and the 
yield may be affected by some condition as yet unknowm ; but I 
have had in my possession several hundred grams of methyl diketo- 
apocamphorate. 

The product obtained by Blanc and Thorpe on methylating Hhs 
diketo-estcr by my process was identical wutli mine, the melting 
point being 85 — 8S_^. In their last paper, these chemists argue that 
the methyl derivative is not, as I supposed, the 6'-methyl derivativo 
(I), but the 0-methyl ether (II) : 


CO~-CH*Ciyre 






I (-hMe. I CMp, 

CO— C-CO.>Me Me0-C=3z:c.C0,Me 

Me 

(h) (It.) 

Tills they claim to have proved hy ti-eating the metlivl derivative 
melting at So — (S8° with pota.ssiuiM livdroxide, ohla-ining an amou.ii 
of potassinin derivati\Ti corresjionding with 50 per cent, of 
methyl diketo«;;ocamp]iorate. and i.solating from the mother liquor 
40 per cent, of d3-dimetJiylgliitanc add without detecting 
a^/5-triinethylglutaric acid; according to this result, the methd 
group m tiiecliketo-cster melting at 85 - 88 ° is eliminated by alkali. 
On the supposition that the methyl group is not attaclicd to carbon, 
icy aiguc that 1 could not liavc olitainod camplioric acid from the 
tslcrmcUini; at S;.--SS-1 and Hurt iii}- report is based on "an mnr," 

. icy rave made this statement without having even tried to rcdiu-o 
le substance according to my directions. They do not even seek to 
explain what kind of error underlies my conclusions. 

considering whether a mistake has possibly been made, it is 

o(Z7 7 attached to 

■ .O 'ii^tcad of to carbon, reduction would lead to npocamphoric 
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as tlie final product. This melts at about tlio same temperature 
afi r-camphoric acid, and altliough the appearance of the two sub- 
stances under a microscope is not exactly similar, yet confusion is 
possible. But mixing together apocamplioric and r-camphoric 
acids causes a depression of 15 — in the melting point, whereius 
the saturated acid which I obtained from the ester melting at 
gj— SS° does not in the least depress the melting point of natural 
;-.ca.iiiphoric acid. Moreover, there is a difference of 45° in the 
melting points of the anhydrides of apocamphoric and camphoric 
acids. This fact, taken in conjunction with the dissimilar 
appearance, renders it impossible for any chemist to make .such a 
mistake. Furthermore, I have not only synthesised r-camphoric 
acid and its anhydride, but also r-f so camphoric acid and r-dehydro- 
cainphoric acid, which synthetical acids I have compared directly 
with the corresponding acids prepared from natural sources, demon- 
strating that these, when mixed together, do not effect a depression 
iti the melting point, and that they are also in other respects 
idctitical. I attach a special significance to the identity of synthetic 
dehydrocamphoric acid with r-dehydrocamphoric acid prepared from 
r-camphoric acid. In 1903 1 described the properties of dehydro- 
c.amphoric acid {Ber.j 1903, 36 , 4334), obtained synthetically from 
tlie ester melting at 85 — 88°, whilst only two years ago I procured 
this acid from natural r-camplioric acid, and showed that they were 
identical {Annalen, 1909, 370 , 212). That this synthetical dehydro 
acid cannot be the corresponding dehydrortpocamphoric acid is clear 
also from the fact that the two acids, although having the same 
melting point, cause a depression of 14° when mixed together. 

Even yet the facts are not all disclosed, hut the foregoing is 
sufneient evidence that an earnest chemist could not possiblv commit 
an error such as Blanc and Tliorpe would suggest, and that the 
experimental results, as I have slated them to be, can be 
esiablislied. 

In his quoted paper, Thorpe lays special stress on the passage: 
"It was from the pure crystalline material that Komppa prepared 
camphoric acid. As it appears from my laboratory notes that the 
methyl diketocamphorate used for my synthesis had been crystallised 
once only, 1 deemed it important to show that the camphoric acid 
I obtained could not have arisen from any possible impurities in 
llio diketocster. Accordingly, witli t ho assistance of Dr. O, Koutala, 
I have a.gain prepared a thorouglily purified ester molting at 
8.0—88°, and reduced it, first with sodium amalgam and then with 
tydrogen iodide, precisely as was stated in my complete report 
{:^nnde.n, 1909, 370 , 209), obtaining once more the same vield of 
the same dchydro-acid, melting at 223—224° (normal thermometer) ; 
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tlie product, when mixed with r-dehydrocamphoric acid, again failcj 
to cause depression of the melting point. This is the fifth occasion 
on which, .with the aid of three different assistants, I have com- 
pletely synthesised the acid ; as it is identical with r-dehydro- 
camplioric acid prepared from r-camphor, and as I have also three 
times, with two different assistants, changed this synthetical dehydro- 
acid into /’-camphoric acid and also into /so camphoric acid, it seems 
to me wholly impossible that other chemists should fail to prepare 
camplioiic acid from the same substance. 

But how is it to be explained that Blanc and Thorpe have not 
even tried to reduce the substance melting at 85 — 88°, in order 
to ascertain whetiier they could obtain camphoric acid or dehydro- 
carnphoric acid according to my method 1 It is evident from the 
discussion following Thorpe’s paper that the reason for this neglect 
was the supposition that, because the methyl group is removed by 
alkali from the ester melting at 85 — 88°, it is also removed by 
reducing, according to my prescription, with sodium amalgam 
followeci by liydriodic acid. Here tliey have made the serious 
mistake of not taking into account the fact that I do not reduce iii 
caustic alkali solution, but in alkali carbonate, or rather in alkali 
hicarbtmaio, a rapid stream of carbon dioxide being led, durinir 
the wliole operalion, through the reducing solution. That sodium 
carbonate does not eliminate the methyl grottp from the substance 
melting at So 88° must be known to them, because in preparin:: 
the latter according to my method they separated it from the neutral 
product of inetliylation by extracting it several times with sodium 
carbonate solution, and isolating the ester by acidifying this liquid. 
It would surely have been worth while to reduce the ester in question 
by my process, even if the methyl group is eliminated by caustic 
alkali, a point which I have not yet had time to verify. 

I do not, however, admit that the ester melting at 85— SS° is the 
0-inethyl derivative (II), as claimed by Blanc and Thorpe on 
account of its behaviour towards alkali, because camphoric and 
dehydrocamphoric acids can be synthesised from it. That this 
ester is, as I have supposed from the outset, the C'-methyl dcrivatn’e 
is demonstrated in the following manner. The ester in question 
produces, ia common with all ct-diketoncs, a yellowish-brown colour- 
ing matter (qiunoxaline), which has a strong green fluorescence 
when dissolved in ether and in alcohol, developing with mineral 
acids a dark red coloration destroyed by water, properties which 
characteiise qiiinoxalines, I have not succeeded in crystallising 
this colouring matter, or the one from o-tolylenediamine, and have 
thetefore not been able to analyse it. When one takes into account 
the fact that the neutral ether, obtained by nictliylating diketo- 
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fljfocainphoric ester, and to which I have ascribed the following 
constitution (III): 


Me0'G^~C!‘00,Me 

I c:\To, 

CO (J'COMi, 

Me 

(TTI.) 


CO — c< 

I 

,MbU‘0:==:c— 


(iV.) 


docs not give the above-mentioned fluorescence, although it contains 
the same grouping of elements (IV) which Blanc and Thorpe 
suppose to exist in the ester melting at 8o — 88^, the coloration 
observed is not to be ignored. The difference in constitution 
between the ester melting at 85 — 88° and the ncutra.l ester (III) is 
indicated more plainly wdren })lienyleuediamine liydrochloride is 
used instead of the free base. With this agent, the ester melting 
at So- — 8b° develops a red coloration at the ordinary temperature, 
and slight heating produces the effect very easily, this intense red 
solution not being given by the neutral ester (It I). Attempts 
to produce osazones from the ester melting at 85 — 88° have led to 
oils, which have not been investigated further. 

The constitutional formulae which I have ascribed to these sub- 
stances are confirmed by the following determinations of the 
metboxy-group according to Zciscl’s method: 

0-2o00 (ester m. p. 85 — 88°) gave 0'4495 Agl. Me0^23‘74. 
0-2000 „ „ „ 0-3620 Agl. MeO=23'89. 

Formula I requires 24'22; formula II requires 36'33 per cent. 

0-2106 (neutral ether) gave 0-5223 Agl. MeO^ 32-76. 

Formula III requires 34 --14 per cent. 

As the methyl group in the ester melting at 85—88° is not 
removed by boiling hydriodic acid, it is certainly not attached to 
OMVgeu, as suggested by Blanc aud Tliorpe, thus iudicating the 
constitution (formula I) winch I have already advocated, namelv, 
tha,t of diketocamphoric ester. 

From all these facts, it is evident that the criticisms of mv 
camphoiic acid synthesis put forward by Bianc and Thorpe are 
completely baseless. 


t'fii:Mic.\f, Lahouatouy, 

1 N n 1 1 : T K 0 F r lit a n <.) loo v, 

! I }•: Ls I X 1 U'l ) i; N , !•’ 1 N I. . V N D , 
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y.-^HydroxycMleiiie : n Neff Alkalovl Jrom OpiVM. 
By James Johnston DoBbie and Alexander Lauder. 

-L’hf. now opn.m alkaloid, wlnoli fovMS tl.o subjeot of communi- 
cation, was discovered by Messrs. T. and H. .nnt i, Edinburgh, 
who were good enough to place a small quanhty of the hydr^ 
l.romkle in our hands for investigation. Ihc alkaloid is found in 
very small quantity in the last mother liquors ob ained in the 
ivoiking up of the opium alkaloids, after all the. other alkaloids 

have heeii eliminaied. n n i n -ui n 

Tlic alkaloid is readily soluble iti u'atcr, alcohol ciher, chlorolorm. 
bcuzei.c, or amyl alcohol, but, so far, has not been obtained in a 
crystalline condition. From all these solvents it separates in the 
form of a varnish. The alkaloid has no delinitc ineltnig point; on 
heating, it begins to soften about 40°, and is completely melted 


at 51°. /T -a 

Of the common salts, the hjdrohrovndc and the hydrochloruh 

both crystallise well^ the hydrobroniide is, however, much less 
soluble than the hydrochloride, and it was tliercforo selected for 
analysis. It readily crystallises from water in large, Lard, prismatic 
crystals, which contain no water of crystallisation. The crystals 
were dried at 100°, and gave the I'ollowdng resuli.s on analysis; 
0'33ii gaveO‘6678 CO^ and O'bSOS 11^. C^--i)I'46; 

0-3318 „ 0-6614 CO^ „ 0-1680 HnO. C -^o4-36 ; H -5-6l!. 
0-4501] „ 14 c.c. N.j (moist) at 17° and 74:1 nim. N^S'oy. 
0-2988 ,, 9 C.c. N. (moist) ,, 14-4° and 754 itirn. 

0-6056 0-284 AgBr. Br = 19-95. 

0-5210 ., 0-244 AgBr. Br-19-92. 

Mean. C -54-41 ■ H = 5'8ii X = 3'51; Br- 19-94. 

54-54; nrr.5-55; N-3-53; 

Br = 20*20 per (M'dI. 


PIatuiichlorid ( . — The alkaloid was dissolved in dilute liydic 
chloric acid, and precipitated with excess of platinum chloride: tbc 
precipitate was well washed, and dried at 100° for analysis : 


0-3258 ga\ 

,-c('--1942 CO. and 0-1296 

IbO. 

c- 

■41-36: 

; 1L-.1-L 

0-2452 „ 

0-3725 CO^. ,, 0-0975 

ILiO. 

C-- 

^41*43; 

H^hhl 

0-2714 

7 c,c. Xo (moist) at 14° and 

755 

mm. 

X = k-9?. 

0*1768 „ 

0-0328 Pt. Pt- 18-55, 





0-2764 .. 

0-2280 AgCl Cl =20-, 

39. 




(Cj,Hu,0 

iXl.lbPlClQ requires C = 

41-54 

; H: 

-4-23; 

N- 2-69 


Pt = 18-75; CI--2U'48 per cent. 

DfterwiiKrfhm of Mothorij] Qrnwps', The number of methoxy* 

group^was determined ])y Zeisels method; 
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0'4052 gave 0*2408 Agl. OMc = 7*82. • 

0 3426 „ 0*2064 Agl. OMe = 7*D3. 

0Me-Ci7Hig03N,HBr requires OMe-7‘S3 per cent. 

yiethiodide . — The meiliiodide was prepared by dissolving a small 
quantity of the alkaloid in a mixture of methyl iodide and methyl 
alcohol. The methiodide separated in colourless plates. It was 
recrystaUised from methyl alcohol, and dried over sulphuric acid : 

0 2076 gave 0*1098 Agl. 1 = 28*57. 

CigHo^O^NI requires 1 = 27*79 per cent. 

Tills result is sufficient to show that the alkaloid is a tertiary 

ba.iC. 

^IKvific llotaiwn . — An aqueous solution of the hydrobromidc is 
slightly dextrorotatory : 

I. 5*1884, in 100 of water, gave, in a 1-dcm. tube at 20'-^, 

D7M‘0158; whence [a]ll' +17*07^. 

II. 5*0741, in 100 of water, gave, in a l-dcm. lube at 20'"', 
a i-O-O"; Lh; 1-0154^ whence [a]i;' + 17‘4T 

(■ohar Ucactions , — With Frohde's reagemt, the new alkaloid gives 
a. vellowish-grcen colour, which gradually changes to blue; and with 
Maudelin's reagent a yellowish-green, also changmg to blue on 
keeping. These reactions arc piactically identical with those given 
bv codeine with the same reagents. 

Ab^oiytion. Sj)cclra. - -The absorption spectra of an aqueous solu- 
tiou of the hydrobromidc were photographed. The spectra show 
a wcll-niarked absorption band at 1/ A 3500. The position of this 
band is identical with that of codeine (Hartley, Fhil. T ram',, 1885, 
Pa-rt II, 471; Dobbic and Lauder, Trans,, 1903, 83 , (30.5), but the 
codeine band is very slightly more persistent. 

The discoverers propose the name iicopinc for the new alkaloid. 
Aithoiigb, owing to the small quantity of material at our disposal, 
lliu chemical evidence is still incomplete, the alkaloid is almost 
certainly a hydroxycodciuc, but it is nob identical with the hydroxy- 
cocleiuc prepared by Ach and Knorr {Ber., 1903, 36 , 3067) by the 
(-ixidatioii of codeine. Its formula differs from that of codeine only 
imho possession of an additional atom of oxygen, which, owing to 
the solubility, is probably present in an hydroxyl group. Like 
codeine, it contains only one methoxyl group. Further evidence of 
the close relation between the two alkaloids is afforded by the 
practical identity of their absorption spectra. 

The physiological action of the new alkaloid has been investigated 
hy Professor Stockman, of Glasgow University. 

'liir (i'lVr.i'.N.MCNT y.niNin'uuH ani^ Hast oi Scon , ano Coli.cok 

tuioKAToini:';. Lonohn, nr A c; men I'urv. Ko! s 

I) 2 
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V[_ — Sifidhe.’^rs Pii^'aol Dericain'cs Contaiinitfj ^ 
Ndro-ijriDijK Part HI. Complex Imln- 
a'.ote>\ Aio-conijnnuiil-i, and Azidea. 


By Raphael Meldola and Harold Kuntzen. 

The extreme mobility of the 3-nitro-^roup in 2:3: o-trinitro- 
d-acctylamiiioplictio[ when the latter compoinid is allowed to interact 
with primarv amines has been taken advantage of for the synthesis 
of iminazoles and other compounds and for the study of the iidluciico 
of ilie position of substituents in determining the yield of iminazole. 
etc. (Trans., 1906, 89 , 1935; 1908, 93 , 1659; 1909, 95 , 1033). Tlir 
object of the present extension of the research was. in the first place, 
to ascertain whether complex iminazoJes containing two iminazolc 
rings attached to one benzene nucleus were capable of existence. 
Although the results in this direction have not hitherto been 
promising, we think it desirable to place upon record the principle 
which has been adopted, because we propose continuing the experi- 
ments in this direction. It will be seen from the general formula 
of the iminazolos synthesised by this method : 

XO., A-R 

' ' ‘=i>ci:r, 

^ 0, -N 

that there are two groups in the benzene ring which might, unde: 
suitable treatment, be made to furnish the irninazolc rinn, naraeir. 
the G-hydroxy- and 7-nitro-gronp. If, by the action of animonia or 
amines on the imiuazoles or their ethers (Trans,, 1908, 93, 1672. 
etc.), an aniino-gronp or substituted amino-group could be sub- 
stituted for the 6-hydroxyl group, clinitro-derivatives would be 
formed, which, on acylation and reduction, might be expected to 
furnish compounds of the type of the hitherUi unknown benzdi- 
imin azoles : 


N'M 


NO. XIH 

\ 

I C-ClI, 


R-(J-N .\'K 


/\ 


^^■2 'i\ 

Aiaii\ expenments have lieen made with the methyl ether of tie 
nnmazolc iinm aniline and the trinitro-compouud, but the diflicultv 
a ) pears to be tlie mitird ^tep of sulistiluting Ote amine residue for 
tie 6 1} diox)-gioiip. It ks well known, however, that the mubility 



derivatives containing a mobile nitro-oroup. ,S7 


of tbe alkyloxy-group increases with the weight of the radicle 
attached to the oxygen atom, and the experiments will he continued 
^vith ethers containing the higher homologues of methyh 
The other direction in which the research has bee 7 i pursued had 
-ilso for its object the synthesis of compounds containing two 
iminazole rings, hut linked by a bivalent radicle. Compounds of 
this type would differ from the foregoing benzdi-iminazolcs, and 
Plight be termed bisiminazoles. The type would be: 


As will be seen from tbe exporimcTital section of this paper, a 
compound of this type has been prepared, but owing to its colloidal 
character and the difficulty of obtaining any definite crystalline 
derivatives, it lias not been found possible to characterise the pure 
'.iibstaiice. 

The formation of azo-derivatives by the inferaction of the trinitro- 
compound and hydrazines was indicated in a former paper (Trans., 
190G, 89 , 1943). This new synthesis of a zo-com pounds hy direct 
substitution in (he benzene nucleus has been furtlicr studied, and 
the conditions which favour the maximum vield liave been experi- 
mentally ascertained. In this reaction, an intermediate hydrazo- 
compound is formed by catenation, and from the latter the azo- 
compound is formed by the oxidising action of (he eliminaced 
nitro-group ,• 

OH 


AK*(;0*(.T1 . 


^ , XM vXH-A,- 
XH-CO'CH, 


XH-CO-CK, 


fn connexion with this synthesis, it has been discovered that 
secondary hydrazines of the types: Ar.X-XH., ArRX’XH. do 
not form azocompounds, whereas all primary hvdra/.iuos readily 
nndergo condensation with the triiiitro-compoundl Thus, phenyh, 
tolyl-, and nitropheiiyl-azo-compounds are readily obtained from the 
uniti o-compound and the respective hydrazines, whilst phenvl- 
net lylhydrazine and diplienylhydrazinc give only resinous products, 
ansinpr t)fl.xtly from the breaking down of the trinitro-compounct and 
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partly, from tlio decomposition of the hydrazine by the eliminated 
nitro-group. 

Another Synthesis made possible through the mobility of the 
.hiiitrogroup is that of azides (triazocompounds), the trinitro- 
compound reacting readily with sodium azide to form the compound : 
OH 

/X 3 ^ 

XH-CO'CHg 

■2 ; 5- Dinitro-Laat ylamin('i-3-triazo]'liLiii>L 

The othei' product of tlio reaction is sodium nitrite. 

Experimental. 

The Irnmazole from the Trimtro-com'pound and Acetyh^^fhenyUne. 
diamine . 

As the I rinitro-compound does not give the amiiioiminazole 
required as an intermediate product by interaction with p-phenylenc- 
diamine (Trans., 1909, 95 , 1033), the acetyl derivative of the latter 
was made use of. The trinitro-conipound and three molecular pro- 
portions of acelyl-p-phcnylcncdiamine were boiled together in 
alcoholic solution for two hours, the product was extracted bv 
dilute hydrochloric acid, and purified by alternate alkaline niul 
acid treatment in tlic way described in connexion with <all the ntiar 
iminazolcs syntliesised hy our method. Two grams of trinitm- 
compound gave 2T3 grams of iminazolc. 4: ^-DinitroAi-hudroi’i!- 
1 - p - aceJi/lamvno'phenyl - 2 ' methylhenziminazole crystallises iTojn 
alcohol, in which it is very sparingly soluble, in dense, oclu'pnii? 
scales, molting at 26i'5°: 

(V0722 gave ir9 c.c. (moist) at 15° and 742*4 mm. X.--^18'^'.V 
requires X — 18'87 per cent. 


Jlydrohjsis of the Aeelylavrivoiminazole. 


The removal of ilic acetyl group and the purification of the 
resulting amiiioiminazole has proved a task of the greatest difficulty, 
and numerous unsuccessful experiments were carried out before the 
required compound was obtained. The synthesis which had to be 
realised is shown hy the formuLu : 


NO, N / >X]lAc NO, X 

/\ " /\ 

— HO 


Hf)/ \/” \ 

I C-OH, 


‘NO, X 


I 
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^\lkaline Bydrolysts are ineCective, and after many trials it was 
found t-liat strong snlpBurio acid was the best hydrolysing agent for 
'-The acetyl derivative is not basic, but dissolves in cold 
concentrated sulphuric acid, and is precipitated on dilution with 
water. In order to effect the hydrolysis, the acetyl derivative is 
dissolved in concentrated sulphuric acid, a little water added (not 
enough to precipitate the substance), and the solution healed until 
a drop remains clear on dilution with water, thereby showing that 
the basic aminoimin azole has been formed. If the siilphutic acid is 
too strong or the temperature raised above the point at which 
hvdrolysis is shown to have taken place by the test described, 
fonipletc decomposition ensues, and the materials are lost. After 
hydrolysis, the solution is diluted Avith water, filtered, if necessary, 
and exactly neutralised with ammonia. The precipitate is collected, 
washed, and purified by solution in dilute hydrochloric acid, filter- 
ing, and reprecipitating Avith a-minonia. This treatment is necessary, 
because some of the acetyl derivative escapes hydrolysis, and on 
dilution and neutralisation the precipitate appears to contain, not 
only the required basic cainino-compound, but also a salt of the 
latter AAuth the unchanged acid acetyl derivative. It is unsafe to 
carry the hydrolysis to the extreme point on account of the tendency 
to undergo decomposition. 

The purification of the aminoiminazolc after separation from the 
iiiielianged acetyl derivative presented great difficulties on account 
of the combined phenolic and basic character of the molecule. The 
('ompound form.s salts Avith both acids and bases, so that some 
difficulty AX as experienced in preparing a pure specimen for aiialvsis. 
After many trials, it Avas found that the compound formed an 
nmmonimn salt, Avhich crystallised from water in stumpy, dull 
orange needles : 

O'Of.bO gave lo'G c.c. (moist) at 16^ and 76S mm. X --23‘09. 

iTqnires X — 24'2S per cent. 

This ammonium salt, when dissolved in Avater and decomposed bv 
exact neutralisation with dilute hydrochloric acid, gives the free 
4 : hdi nitro-^-hyd roj oph c u i/l-2-m ethylh en:im itiazole as an 
ochreous, microcrystalline powder, very sparingly soluble in boilinr^ 
alcohol, and separating from the latter solvent in ochreous nodules, 
having no definite melting point, but decomposing with charring 
from about 215*^ : 

O'lBOO gave 32*5 c.c. hTo (moist) at and 756’o mm. X — 20'7. 

Ci 4 H,jO-X:^ requires X -2V21 per cent. 

On account of the difficulty^ of crystallising the substance, no 
fiuthcr ])iirification was attempted, but the product was aeled on 
■•‘V trinitro-eomnnund, as descrilied below. 
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Synthesis of the Bki)n'hinz()le : 4: 4^; 7: V -Tetranitro-^ : 6^-r/?. 
hydro.>ij~\ : V-iyphenykne-^-. "I'-dmcthylhishenzimmazole, 
NO., N N NO5 


HO( 


/ \/ \ 

i C-CH, 
\/\/^ 

NO., N 


CR-C 


^OH 


N NO, 


The aminoiininazole obtained as above was boiled in alcoliolie 
solution with trjjiitro-eompoiind in the proportion of one molecule 
of the latter to two of the fonrier, and the ochreous granular sub- 
stance, which separated in the course of two or three hours, wa,s 
submitted to the acid and alkaline treatment generally adopted. 
There is no doubt tliat the product is the bisiminazole required, but 
it was found impossible to crystallise it from any solvent, and no 
specimen pure enough for analysis could be obtained. The com- 
pound is extremely insoluble iu all the usual organic solvents, and 
the minute quantity which does dissolve separates out in a colloidal 
state on cooling. It is phenolic iu character, dissolving in dilute 
alkalis with an orange colour, and being precipitated by acids as a, 
brown, gelatinous mass, which dries to a brittle, brown resin. On 
adding silver nitrate to a solution of the ammonium salt, a brown, 
gelatinous, iusolublc ■‘^ilrer salt is precipitated, and this also dries to 
a brown resin. Analyses of this resin gave: 

Found, Ag = 27*74 and 29*43. 

Co^IIinOjoXQAgo requires Ag=: 28*26 per cent. 

The general properties of this new type of substituted bis- 
iminazoles arc not such as to encourage a further detailed studv 
of the compound. The existence of the type having, however, been 
established, we propose extending the research with a view to 
preparing the isomeride containing the ??nphenylene nucleus, in the 
hope that this compound may be more amenable to treatment In* 
ordinary chemical methods. 


Synthesis of Azo-compounds. 

3-Bcnzeiieazo-2 : n-dinitro-4-acetylamiDDphenDl, 

OH 

NO,; /NrC,,lL 
NOI-CO-OHg 

lias already been described (Trans., 1906, 89, 1943) in a preliminary 
way, and a further study of the compound now enaljles us to give 
more complete and more correct details concerning its mode of 
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{orination and properties. In tlie first place, we have found tliat 
ill order to ensure the production of a pure compound, the trinitro- 
acetylaniinophenol and pbeuylhydrazine must he allowed to interact 
only in equimolecular proportions. If excess of phenylhydra/ine is 
present, some secondary reaction with the azo-compound takes place, 
and products arising from the reduction of the latter are formed! 
These impurities are extremely difficult to remove, and their 
association with the azo-compound tends to disguise the characters 
of I he latter. Our first preparation of decomposing point 188° was 
no doubt contaminated to a sufficient extent to depress the decom- 
posing point, as we now find that the pure compound decompo'^es 
at 248° 

In order to prepare the azo-compound, equimolecular proportions 
of the trinitro-compound and of phenylhydrazine are dissolved in a 
small quantity of alcohol, and the solution is warmed until the red 
nystalliue salt, which at first separates ont, passes into solution. 
When this stage has been reached it is better to remove the flask 
from the water-lmlh and to allow the reaction to complete itself at 
tite ordinary temperature. In the course of twelve hours, the 
formation of the azo-compound is complete, and the crystalline 
deposit can be collected, washed with alcohol, and crystallised from 
boiling glacial acetic acid. From this solvent it separates in larc^e, 
ruby-red prisms, with a slight metallic lustre. It is but very 
sparingly soluble in boiling alcohol, but dissolves more readilv in 
boiling pentachlorethane, forming a red solution, from wliicli scarlet 
needles separate on cooling. The specimen used for analysis was 
crystallised from glacial acetic acid: 

Q1318 gaveO'flSoO CO 2 and O'OdO HoO. C = 48-G2; H = 3-37. 

0-0783 „ 13‘S c.c. No (moist) at 17° and 761 '5 mm. N^ 20-64. 

I j requires C-^ 48-68; H = 3-21; N = 20'29 per cent. 

The azo-compound dissolves in concentrated sulphuric acid with 
ail orange colour, and is precipitated unchanged on dilution with 
water. Attempts to eliminate the acetyl group by acid and alkaline 
hydrolysts led to negative results, the compound either not being 
hydrolysed or else decomposing completely. The hydroxyl group 
confers phenolic characters on the compound, and it forms alkaline 
salts, which are completely insoluble in presence of the slightest 
excess of alkali. The salt is of a deep violet colour, insoluble 

in cold water, and dissolving in hot winter with a dull red colour. 
On the addition of acid, the azo compound is precipitated from the 
hot aqueous solution of the sodium salt in the colloidal state. 

The azo-compound can be acctylated bv keeping it in acetic 
a-nhydride solution in the presence of a small quantity of con- 
centrated sulphuric acid for .several days. Specimens withdrawn 
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from t iino to tim© a-nd analysed showed that the substitution o- 
acetyl for the hydroxylic hydrogen takes place but slowly. 
prod^ict, winch is precipitated as a dark, oclireous, crystalline powde-, 
on diluting' the solution with water, melts and decomposes at about 
203 "^: 

0'0671 gave 10*5 c.c. (moist) at lo'o'^ and 761‘3 mm. K-18-3] 
CicHjoO^N^ requires N^IS'09 per cent. 

This acityl derivative decomposes on boiling with glacial acetic 
acid, with the evolution of nitrous fumes and the formation of some 
insoluble resinous product, together with a definite compound wliict 
crystallises out from the sohitioii, on cooling, in ochreoiis needles 
The latter, by repeated crystallisation from glacial acetic acid, wen 
finally obtained with a definite decomposing point of 284- -28, 5^ 
and containing nearly tlie same percentage of nitrogen (IS-f and 
18‘01) as the original acetyl derivaiive, but less carbon, ttis 
product of decomposition appears to be of interest, but we have not 
yet been able to cleterniiiic its constitution, and its sfudv will lip 
resumed. 

^-\yyifnjh(:'itzfnirizo-^ : ^-(limtro-i.-ncetylami)W'pli enol. 

In order to prepare this compound, p-nitrophenylbydraziue and 
trinitroacetylaminophcnol arc dissolved in a small quantity of 
alcohol, the hydrazine being in slight excess of the quantitv 
calculated foi- one molecular proportion of each compound. Tlir* 
solution i.s kept warm on tlu' water-bath for an hour, care bciir* 
taken to prevent acfiial boiling. On I'emoviug from the source of 
heat, and allowing (o remain for some hours, tlio azo-compound 
separates out in crystalline nodules, which can bo pnrified by waFliini: 
with alcohol containing Ijydrochloric acid and crv.stallisation from 
glacial acetic acid. The compound dissolves in tliis last solvent 
with a deej) orange colour, and separates, oil cooling, in dark brown, 
glistening prisms, wliicb appear ruby-red l.)v traiistnitted li^ht. Tt 
melts and decomposes at 244 — 245°: 

0-1308 gave 23*8 c.c. (moist) at 13*5° and 7C)5*5 mm. 

I'equires K — LU-oo per cent. 

ilii;? cizc-componnd can also be acctylatod by prolonged action of 
acetic anhydride in presence of a little concentrated sulphuric ackl. 
After five days at tlie ordinary temperature, a (Jutcctyl derivatiTC 
IS formed, which consists of an ochreous. crvstallino powder, decom- 
posing at 160—168°: 

0*0744 gave 12*65 c.c. N, (moist) at 17° and 761*4 mm. X = l9-yG, 
I'eqnitT-s X=rt 19-4,5 per cent. 

At ihc end oi nine flays mider the same couditio?is. aitf>llii-i’ acctvl 
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r^oup is introduced, the resulting iriacei.yl derivative consisting of 
111 micro-crystalline powder, decomposing at 162 — 164'^: 

i]-]026 gave 29'6 c.c. No (moist) at 19‘5^ and 767‘7 nun' N"17‘57. 

CigHi.iOjfjNn requires N = 17’73 per cent. 

These acetyl derivatives arc decomposed on boiling with glacial 
icetic acid, with the evolution of nitrous fumes and the formation 
if resinous products. As all the compounds described under this 
;eciion ai'c new, the formulae are subjoined : 


XO. 


OH 

^^N2'C,H4-N0,(;>) 

XH-CO'CITg 

0-C0*CH, 


XO.-,l 


N(00-CH.), 


NO.. 




O-CO-CH, 

NII-CO-CH, 

O-CO-CH. 

NO,, 

:n-n-c,h,-no,(p)- 

CO-CHg 
N-CO-CH. 


2:5- Din itrth 4-(7 c t tyl a m r'nt zo'pJi e n nl. 

The triuitrocompound readily exchanges ihe 3 uitro-group for the 
triazo-oTOup bv interaction with sodium azide. A sliLditly warm 
aqueous solution of the latter is prepared, and to tins llic sohd 
trinitio-compound is added in small portions. After some hours at 
tlu' ordinary temperaturr, a crystalline deposit forms, and a further 
quautitv of the triazo-compouud is pi’eci])itated from the solution 
on acidifying with hydrochloric acid. The product, after being 
('ollcctcd a.ud washed with water, crystallises from alcoliol in hat, 
ochreoiis needles or golden scales, melting at 167 — >168'^: 

0'1288 gave 32*5 c.c. N^ (moist) at 15*3° and 765*9 mm. X --29*73. 

CJ.f^OcN^^ requires N^29*S1 per cent. 

The compound is phenolic in character, dissolving in alkalis with 
an orange colour and being rc precipitated by acid?. 

The tnazo-conipound could not be niethylated either by methyl 
sulphate and alkali, or by silver oxide and methyl iodide. Attempts 
to remove tiie acetyl group by acid and alkaline hydrolysis led 
to negative resnUs, the compouiul resisting hvdrolysis or decom- 
posing completely. Acetylation was effected in the usual way by 
means of acetic anhydride and sulphuric acid. After three days 

product was obtained which, from the result.s of analysis, appeared 
I)e a mixture of a diacviijl and a triacotyl derivative, aiuf from 
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which’ by repeated crystallisation from alcohol, the former 
isolated in nodular tufts of yellow needles, melting at 140 ^ 1410 . 
0'0420 gave 9’3 c.c. (moist) at 17° and 759’2 mm. N = 25‘66 
CjoH^OjXq requires N — 2o'90 per cent. 

On coutact with dilute alkali the O-acetyl group is at 
elinuuated, and the original triazo-compound regenerated. 


The Immazole from ike Tn?ntro~compound and ^minoaeeto 

'pJienone : 4: l-l)initro-%diydroxy-\-^^acetylphenyl- 2 -methyl})e.n 2 

immuzole. 


NOg N‘C,TT,'CO-CH, 

110.^ 

^ OCM, 




This compound was prepared in the usual way by boilinr^ a^j 
alcoliolic solution containing the trinitro-compound aiurtwa 
molGciilar proportions of aminoacetophenono for about an lionr 
when tlie imiuazole separates out in oebreous scales, .Purification' 
could not be effected in tliis case by the usual method of alhaline 
treatment, as the compound is resinifled by the action of alkalis 
After crystallisation from alcohol, in which it is but sparin^h 
soluble, tlie eomjmmid consists of ochreous scales, melting somewhat 
vaguely with decomposition at 246°: 

0-0624 gave 8'2 c.c. X. (moist) at 16'5° and 768 mm. Nr. 15 - 55 , 
requires A’ — 15'74 per cent. 

r.y llif action of hydro..;ylamine acetate an o:rime was obtaincii 
It 0030'°''^"”““’ och.eouH scales, meltiss 


O'OfiSO gave lO'S c.c. N, (moist) at 13° at 704 lum. N - 
^'’k-IisOcNj requires K = 18'88 jicr cent, 

Tlie iminazole reacts also with phenylhydrazine, forming 
h,/,huzo„e, winch crystallises from alcohol in ochreous 
li.ivmg a vague decomposing point of about 198°. 
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’[[.-- Investigation^'^ on the Dependence of ^R()t/fJ.orp 
Power on Chemical Constitution, Fart [. The 
Rotations of the Simplest Secondary Alcohols of the 
Fatty Series, 

By Robert Howson Pickard and Joseph Kenyon. 

Bi; authors hope to communicate to the Society a series of papers in 
bich will be discussed the qualitative and quantitative dependence of 
jiaiory power on chemical constitution, and feel it desirable to state 
ttlie outset their reasons for commencing yet a further investigation 
f this interesting problem. 

It is obvious that in the present state of knowledge much of 
le previous work * in this field is veiy dilhcult to ennadate even in a 
iialitative manner. Now there are numerous investigations of the 
;pe, as, for example, (a) the very extended and careful researches 
; P. F. Pranklauti and his co-workers on the rotaJory poweis of 
3 i'ivatives of the optically active glyceric and tartaric acids ; (6) the 
idependent work of Tschugaeff and of Rupe on the bornyl and 
lenthyl esters of various acids, and (c) the paper of one of us and 
ittlebury on the esters of ^-menthylcarbamic acid, in which in each 
ise the effect of various substituents on the rotatory power of some 
Qe optically active substance has been studied; that is to say, in the 
bove instances the effect of substituting the alcoholic or carboxylic 
ydrogen atoms in glyceric and tartaric acids, in borneol, menthol, arjd 
lenthjlcarbamic acid. In the compounds described in .such investiga* 
ions the substituent is not attached to an asymmetric carbon atom, 
nd is in many cases far removed from it in the molecule, whilst in 
e'.eral of the parent substances of such investigations there are more 
hail one such carbon atom. It is thus often impossiule to decide 
low far the effect of the substituent is due to its relative mass 
rjd how far to its structure, this particularly being tlie case in 
ompoirnds containing the meiitbyl radicle (compare Pickard and 
^ittlebuiy, Trans., 1007, 91 , 301). 

In addition to this difficulty there is aL>o the additional one that it is 
’ten doubtful whether conclusions drawn from one group of com- 
>arat.ively complex compounds can be applied safely to those drawn 
another group of widely differing constitution. Thus, for 
confusion may be introduced if the effect on the rotatory power 
’ stituting the alcoholic hydrogen atoms be compared in such widely 
t^went compounds, as, for example, glyceric acid, menthol, or the 

aditiinbly suiimtarisr-1 
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optically active amyl alcohol ot fusel oil. Again, many of the uoic. 
pounds compared in such investigations are solids at the ordiii^j.^, 
teiti[>frature, and the rotations of these have been determined 
solution, although the eifect of solvents on rotatory power i,? 
yet little understood. Further, tlie effect of temperature on tiie 
rotatory power.s of the pure liquids, considerable as it is in njanv 
c:ises, has been often disregarded, although in this respect ilj’^ 
investigations of Frankland leave little to be desired. 

Thcse/aiid similar difficulties are well exemjjlified when a comparijiQ,-, 
is made of the rotatory po^vcrs of tlie various compounds of /i-phenvl 
propionic, cinnainic, and plienylpropiolic acids which have 
prepared by f:e\-eral investigators to show the relative effect o' 
misat.uration on optical activity. 

In table I will be found a list of the molecular rotatory powt-i'-, of 
several of the compounds previously described, and also those of 
esters of the three acids with d- and /-methyl-?^hexylcarbinol (Tmiii 
11)07, 91, 2058). These esters of a simple secondary alcohol 
results differing from tliose obtained with more complicated secuiitffii'v 
alcohols, .such a.s menthol and borncol. 


Taklk T. 

Mokcv.lor liolalory Pov-er-'i of Kders and iSalts of f 
Ciiinamic, and PhytiylprupioPo: A^lds. 

Aci.:. 

I'.-tr-i or Alkaioii]. j oojiioiiif. Vimjamic. 

(-Amyl ali-.JiU)] ■ v.'>’U'' -f-li)’-!' .;.]■■■] 

(' Met hylt‘1 liyli'Ui'i liucai'l -t ii < •] ) 

/-Mfiitliol t -16r9 - 2 IT’S 

in'? iri-ii ik!: 

HITH i;;,; 

!;<..nirc)! § I ■^-■5 

■'-.Ml. iliyl n-licxymarbinol ; -lori 

/■Melliyl-,.'-]i(.vv!.:ar!iiuoI . :jo-^a 10‘M ’o ." 

-5'i -WG Ao 

'-'“'■I'™™ -'iSl-i) -i-iri-i 

„ 'A'tbP''*'''- 20, 059). h, lla. 0] 

.M,ii,/kirald (/.c,-,, i;,o;, 35, 15., 9,, 

lsniu»a(;fl (/. jla.s. Pfoja. Cke,„, Soc., If'Oi! 34 dOG) 

«lmir ' 10 I'., cent. 

0,1.!!*™''''/:!'“"*" i.. 10 !«■ cci. tOnrion. 

ctiloioiorm, (/(j lu acerrme. 

l'> On. -utni-alej ■ 
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These results (table I) show at once that no general conclusions can 
be di'ftwu as to tlie quantitative effect on the rotatory powers of the 
alcohols and alkaloids named when the alcoholic hydrogen atom is 
ciisplaced by acid I'adiclos (or salts are formed with acids) of closely 
related constitution, but differing in the degree of unsaturation, for in 
^ouie cases the ethylenio, and in the others the acetylenicj compound 
has the greater rotation. 

It i?, however, convenient at this juiicture to recall that the 
vast, amount of painstaking and laborioiis work in this held hAs led to 
certain well-founded, but very wide, generalisations. These need not 
ijiow be re-.stated, but are well exempli hed by the investigations quoted 
ju the table, which (with ouhors) show that (we believe in every 
known case) the effect of unsaturation is exhibited in the exaltation 
iof intatory power. 

: Considerations such as tlieso make the following conditions desirable 
lor a re-investigation of this subject : (1) the active compounds compared 
diuiild contaiiionlyoneasymnietric carbon atom ; [2) the elTectof variou.s 
nulicles on the rotatory power should only be compared when these 
are attached directly to the asymmetric carbon atom, and (3) the 
(•[Dfipounds should be liquids and their rotatory po’wers should be 
uicasnred in the pure state and at different temperatures. 

Thus, whilst previous investigators have as a ride .studied the 
variation in the rotatory power of some one compound caused by 
inactive substituents, the object of the present authors is to compare 
the rotatoiy powei'S ul different series of comparatively simple 
coiupouncls. Optically active compounds, however, of the type 
ix'ijuiml are very little known, and it becomes therefore necessary 
lu prepare them specially. 

Ao class of compounds seems so likely as the alcoliols to fultil in 
general the third condition laid down, whilst the ease with which all 
types of alcoliols can now be synthesised, thanks to the Griguard 
le.ict'iou and the catalytic reactions of the Toiilou.se school, makes this 
class of compounds particularly suitable for the purpose in view. 
Aowone of us and Littlebury have described (Trans., 1907, 91 , 1073) 
a method for what is believed to be the complete resolution of racemic 
alcohols, namely, by the fractional crystallisation of the salts formed 
by the combination of various optically active bases with the acid 
e&teri, of the alcohol and a poly basic: acid, whilst the present authors 
>*1 a similar way earned out the first successful resolution {he. cit.) of 
an alipliatic alcohol, namely, that of metliyh/^.-hexylcarbinol with 
!«Ji. . The method has since been found to b(> a izeneral one, 

and cau be applied to several types of alcohols (see preliminary note, 
^roc',, ]()(J9, 25, 167) ; therefore, those types of alcoimis which 
one asymmetric carbon atom, since tiiey cun be syutiiesised 
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and resolved into their optically active components, and since they 
have as a rule low meltinf^; points, appear to be very suitable for a 
re-in vestigation of the problem of the dependence of rotatory power on 
chemical constitution. 

Ilo^veyer, before describing the results obtained so far in thijj 
direct ion, attention should be called to the following evidence, whict 
will furnish an answer to the very obvious question as to whether 
such re 3 ult.s might not be vitiated by an incomplete resolution of the 
racemic alcohols. Now, iirstly, that the method has effected complete 
resolutions in some cases seem certain, For example, one of us and 
Littlebury {loc. cii.) prepared by this method four borneola, which all 
severally gave, wHmn oxidised, camphors identical in rotatory power 
w'ith the maximum exhibited by the natural products ; thus the d-borneol 
and the ^-isoborneol prepared each gave pure <^camphor, whilst the 
Z'horneol and the d-fsoborneol gave pure ^-camphor. Again, the 
d-methyl-Ji-heptylcarbinol described below has an equal bub oppositd 
rotatory power to that of the specimen of the same compound isolated 
from oil of rue by Power and Lees (Trans., 1902, 81 , 159:'). 
Secondly, in the case of the fourteen alcohols, the resolutions of wliid 
are described below (with two exceptions),! there have been obtained 
either both the dextro- and lievo-rotatory forms of the alcohols with 
equal and opposite rotations, or both forms of the same acid ester 
with equal and opposite rotation, or two preparations of the same acid 
ester having identical rotations by fractional crystallisation of the 
salts of two different alkaloids or two preparations of the alcohol with 
dentical positive rotation from two different acid esters. Thirdly, 
the recorded rotatory powers (see table II, p, 49) of the alcohols 
belonging to the same series show a gradual alteration as the series is 
ascended, and thus agree well one with the others. Fourthly, an 
exhaustive series of experiments failed to give any evidence agaiml 
the optical purity of methyl-ri-hexylcarbinol with ±0-9h In 
these, (a) the diethyl and dimethyl esters of d- and /-tartaric acid were 
allowed to remain in presence of hydrogen chloride with an exce.ss or 
a deficieiicy of the d- or the /-alcohol, under which conditions the 
^-octyl group more or less completely displaces the methyl or ethyl 
group in the tartaric e-sters j (6) d- and /-tartaric acid were each 
treated in the same way with the two alcohols j (c) the /2-octyl esters 
of the tartaric acids thus obtained were each hydrolysed partly with 
an insufficiency, or completely with an excess, of potassium hydroxide. 
In view of the experiments of IMarckwald and McKenzie (Tier,, PJOi, 

t('-3I<jihyl-a-nouylcaiTiiiol, as ucw obtained by synthesis, has a higher iwjUivc 
rotation than the licvorotatory alcohol isolated by these investigators fieiu tlw 

siuif Mi], 

t imiiyi-a-iJecyh and phenylmuthyl.Lavbinols. 
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34 , 469) on the varying velocity of osteriEcation of an optically active 
acisi ^vith the two optical isomerides of an alcohol and the varying 
rate of hydrolysis of the corresponding esters, it was to-be expected 
tliat such experiments carried out under many varied conditions 
(including those detailed by them) would yield a product of rotatory 
p,wer different from [a]}/ ±9*9'' if this were not the constant 
relating to optically pure methyl-?i.hexy]carbino]. In no case, 
however, was a sample of the alcohol obtained as a result of these 
experiments of either lower or higher rotatory power, 

Resolution of Fourteen Alcohols. 

The resolution of fourteen alcohols is described in this section ; 
twelve of these are of the general f{)rmula CHg-ClICOHj-K, where Pt 
represents the normal groups ethyl to undecy], tso butyl and phenyl, 
whilst the other two have the formula C,H.*CH(OH)- K', where K 
represents Ti-hexyl and phenyl. The preparation of these active 
alcohols has been repeated, and in all cases but two— methyl-?i-decyl' 
and phenyl methyl-carbinol — the pure optically active alcohols have 
been obtained in at least two ways. In Figs.* 1 and '2 i.s illustrated 
the variation of the specific rotation.=3 with the temperature, and 
table II shows how in the series methyl-/^- propyl- to methyl-?i-undecyl- 
carbinol the molecular rotatory powers tend to approach a common 
value. These resolutions have been carried out by the method 
described [toe. cit.) for methyl-7i-hex\Tcarbinol, that is, by the frac- 
tional crystalj^sation from acetone or aqueous acetone of the alkaloidal 
salts of either tbo hydrogen plithalio or succinic esters. Where a 


Taule II. 


fricijic and Molecular 

Rotatory 

Po uers 

of the Dexlroroi 

ttoru Alcohols, 

Alcoliol. 

Wh 

[M)f: 


tM]?;' 



Mfthvli-thvlcarbinol 


+ 1U'3' 

-:-12-4S" 

0‘>2' 

-11-84' 


M«*Thy].?[-prap}T<'arLinol.., 

i:i-70 

Ti-l 

T2-Sf' 

11-3 

12 -5*.) 

11-2 

Moth vl-a-biirvlcarhiiiol . , . 

n-,17 

ll’s 

li-L-2 

11-2 

lO-f'O 

IIT 

Meiliyl-vi-innvlr.'ii'binol ... 

10 •32 

12'U 


n-5 

0 t)0 

ll’T 

Meih vl-;(-lu‘xv]carbiiiol , , . 

0'7d 

12'7 

0-17 

11-9 


11-7 

Mc‘tliyl-??,-beptylcarbliioI , . , 


12'!< 


12-:3 

8-30 

12-0 

Met h y L - it - 0 c t y] c.ir bi 11 0 1 ... 


1:5-7 

S' 14 

12-9 

7-80 

12-3 

Moibyl-jt-iiniiylcarbiiiol , . , 


1 4 0 

T'uU 

13'2 


12 5 

Methyl-it-deuylrarbiiM'i . , . 

7'7S 

li'n 


13-5 

t)'89 

12 -S 

Mi‘U;yby(.i]n(iecyhriii'biiKd . 

7 '22 

11-4 

|)'d7 

13-3 

U‘39 

12-7 

M i‘t !i yl i'wtiu uTcarbi iiol , . , 

•20-c-l 

20 0 

10-27. 


18-32 

lS-7 

bthy]-H-]iexvlc;irbinol 

S'or. 

11-0 

8-17 

li-S 

.'^■30 

12-0 

|ti'tiy]iiiotliv]carbinol 

I htiiyletlivloaibinol 

■12 ’Sf) 
27-73 

■Vi -3 
37 '7 

42 -dS 

41-2 

41 -oO 
37' 54 

50 S 
48 -3 

' h sliould be noted tliat 
di' rjrale of tlin ordiuales in 

in Fig. 2 the scale of lla ordiuales ib 

Fig. 1. 

one -third tliat of 
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ester, yiiiiiiur results ^\"ere obtained with strychnine, wliilsfc cinclioni- 
dine gave results of an opposite character, as with this alkaloid the 
least soluble salts were and ^Bc/A in the case of the hydrogen 
phthalatos and succinates respectively. Thus, for example) the 
following salts were found to be the least soluble component of the 
mixUire of salts formed by neutralising the hydrogen ester with the 
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. brucine and strychnine c^'/S-heptyl hydrogen phtbalate, cinehoni- 
diue hydrogen phthalate, brucine t/'S-methyl-^-amyl hydrogen 

phtbalate, brucine ^5-methyl-/3-amyl hydrogen succinate, arid einchoni- 
dine /-phecylethylcarbinyl hydrogen succinate. 

Under the successful conditions employed in the other cases, no 


Fig. 2, 

SPECIFIC ROTATORV POWEfe 
AT DIFFERENT TEMPERATURES 
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rot.tm'y iscmeride of which was isolated from oil of rue by Power aud 

L. B.I (B.a 

188<> [iil 33. 106, 117; 1893, [iii], 9, 676) obtained methylch,,. 

audn^thid-i^butyl-carlnuolswithspecificrotata^^^^^^ 

[■ 1 0-5“ and fal. - 8^ against [aj + '0- 

forM pure alcohols, whilst Keth (^--1007, 40^ 
G9.7) obtained niethylethylcarbinol with [a]„ less than 1 by a method 
discussed in a former paper by one of us and Littlebury {loc. m.\ 
Marekwald (Bey., 1903, 38, 809) has also obtained pbenylii, ethyl, 
carliinol with [«];,' +8 -7° {as against [a]); + 42-87“) by the actem ol 
nitrous acid on f-phenylethylaminc with [alir “ ■ Halle, 

iCompt rend , 1910, 151, 697) has quite recoriily isolated trom cocoa- 
nut oil, feebly dextrorotatory forms of methyl-)i-heptylcarbi.iol witl 
r^1 ^ 2'4P, and methyl-J^-nonylcarbinol with [a]n + 1 40 , Ikjvo- 

rotatory^eclmens of these having been previously isolated fromoi 

of rue by Power and Lees {loc. cit^. 

The number of optically active alcohols here described is obviomh 
too small to admit of any discussion of the results in so far as thej 
affect the main object of the investigation. Attention, however, maj 
be drawn to the following points. The rotatory power.s of the seriei 
of alcohols described do not differ much in general character Irom somi 
of the scries of normal esters described hy other investigators, as, foi 
example, tlie serie.s of the normal esters of diacetylgiyceric acic 
(Krankland, Tran.<^., 1897, 71, 270), where the rotatory power 
gradually ascend to a maximum. .Determinations of the moleculai 
rotatory powers of the hydrogen phthalic esters in chloroform solutioi 
•rave results * which run practically parallel with those of the alcohol; 
in ti>e pure state, althougli in the case of the esters the first membe! 
occupies apparently a normal place in the series and has not, as m 
the case of the alcohols (as also in so many series described by othei 
investigators), an abnormal rotatory power. 

At the outset of the investigation it was thought possible tiia! 
amongst the alcohols of the type C143'UH(0H)*R, somosim]>lenutiievie3l 
relation might be found to exist among the numbers expresdng t-h 
rotatory powers, ft will be seen at once, however, that no compari>(-'ii 
is feasible, if the influenee of temperature be taken into account 
Whilst the curves in Pig. 1 relating to the series {methv!eth\) 
carbinol excepted) become parallel as the temperature iucrt’a'cs yd 
at no temperature up to 100'^ (the limit of the present expeiiment^' 


■' See table, p. ()3. 

t The question as to a possible relation or eon.stant existing at er aioo’ 
boi4i.iig of the ali:ohols for tlic molecuiar rotatory powers is 

fuitlier dibij'.issiou when iiioio matei'i.al i,s available. The value- of the rotaiOiJ 
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ean the rotatory powers of the members of the series be compared 
those of the alcohols of other types (see Fig. 2), or indeed with 
tliiit of luethylethylcarbinol 

The question of tlie (as yet unsolved) problem of the effect of 
assofiathui on tho rotations of pure liqiiids (compare Walden, loc. cit.) 
uorurally arises in this connexion. Does a.'^sociation account for the great 
differences in the temperature-coefficients as illustrated in Figs. 1 and 2 1 
Xow these alcohols as judged by Ramsay and Shields’ capillarity 
ascension method or by Longinescu’s empirical formula* {Ann. 
Sci. Crdi^. 1903, 2, 126) are only slightly assooiateil. Thu.s 

eiiipincally the association factor for 


,i-Mcthvlethylc!irbiiiol is l-3;3 
,, 1-15 

(/-ylrtliyb/f-amylcarhinol ,, l‘U 
(/-yieT.hyl-/t-hexylc;trl)ii]ol 1 -OS 
tfMf‘tIiyI-'/t-licptylcai'l)iu(il ,, I'Ofi 


rf-Mftthyl-a-nonyleHrlunol is l-Ql 
rtEtliyloidiHxylcavbiiir)! ,, 1-03 
(^/-Mr^tliyhxo'buLyltarhinol ,, 1'14 

<?-Pheiiylrn(^thyic'aibinol ,, 11 2 
d-Phcnylfcthyhfirbinol l-QS 


whilst, for example, by the capillarity ascension method cZ-mcthyl- 
ethylcarbinol between 1 9*8^ and 36’8^^ has a mean association factor 
PS, and f/-iiiethyl-H-hexylcArbinol between and 34'^ has l-5,t Now 
the similarity of the temperature-coefficients for the alcohols in the 
sei'ies, despite the decrea.so in association as the molecular weight 
increcsos and the striking diiferences in the temperature-coefficients of 
tbfiiiylnicthyl- and phcnylethyl-carbinols, of methyl- and ethyl-n-hexyl- 
rarbiiiols, and of methylethylcarbinoi and the rest of tlie serie-’, seems to 
show that as.'socialion has a very slight, if anyq common influence on 
the rotation of these pure liquids. Since, however, it is a matter of 
some (Urticulty to measure small differences in association, the question 
of its influence on the rotatory powers of the individual alcohols could 
not be followed further. 

The striking differences observed in the cases just mentioned in the 
variation of rot.atory power with tho tempeiature may be due partly 
to .dereochemical eau.ses, but posdbly also to the more profound 
changps on the rotatory power of a complex, R‘CIIiOH)-OH.“, caused 
bv hydrogen than by a I'adiclc (OHg). 

Methyli^obutyicarbinol was resolved at an early stage of the 
investigation to ascertain whether the differences iti the rotatory 
powers of aliphatic alcohols <;orresponding with small differences in 
constitunou were likely to be large, ddie exaltation in rotatory power 

nii'th} I-w-butyl- ail, I iiu‘tli>l-/;-octylM\n'V'i!iols civuuiciicc l i ri-c at about 
^"^,^tii-si‘ lituig till' oDly two alcoluils iuvu.siigated at thi? high,T [euqituarmvs. 

lOoyj” !'• ilu' absolute scale, D'-a'l ami the niran 

■ Miiilifi ol ufoitis ill ti)|, inoli'cule. 

I va-'il' 0 capillarity ascension method givrs higlur 
I toy til,' association tketor than those obtained by eiiqnrieai eak-ulation. 
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caused by the wobutyl as compared witli the ?i-butyl group is consider, 
able, and affords additional evidence of powerful influence of con- 
stitution on’ rotatory power. 

Tlie halides corresponding with some of the alcohols have been 
prepared, the molecular rotatory powers being recorded in table Up 
In every case Llie conversion of the alcohol into a halide (Cl, Br or Ij 
WAS accoiripanicd by a change of sign in the rotation. Attempts to 
reconvert these halides into the optically pure alcohols have not as yet 
proved successful, and the preparation of them with any degree of 
certainty that racemisation has been avoided is tedious and very 
costly. Thi.s poi-tion of the work has therefore not been extended for 
the present in case farther pliysical measurements of the alcohols 
tliemselves appear <lesirable as the investigation proceeds. It will he 
noticed from Fig. 2 that the specific rotation of rf-/?-bromo-octane 
sinks regularly as the temperature increases, the curve being a straight 
line, and in this respect analogous among the alcohols only with 
ethyl-w hexylcarbiool, for which, however, the specific rotation rises 
i-egularly with the temperature. The association factor for ff-/?'bronio- 
octane, calculated by Longinoscu’s formula, is 1’07. 

The authors are greatly indebted to Dr. T. M. Lowry for the 
determinations of the refractive indices of the dextrorotatory alcohols 
a.s recorded in table lY. Dr. J.owry has also undertaken the 
determination of the magnetic and optical rotatory dispersion. * Jn 
respect to the optical rotatory dispersion a somewhat strikiE® 

Tahik TTF. 

IhUitory PoiCPTs of the IlalUhp. 

[Mij;. 

^■lodol'uraiir -olTS'' — — 

/S-Ioilopriiuiiit’ - .37Tr> -.Y'O — — 

/3-lo(loiie\ati(‘ -.38 'o.*'* 80'9 

/M Oil 0 -octane 40T)<‘> ■PG'4 +3rf82'’ 

7 -lndoiioiiaiic‘ -• 17',80 

;3-rSronio-ort,iiic -27' 17 -.oTO •■27‘rt3 -SiYTl 

. 7 - broil) on on an 0 -27 '7 -i-Ti'SO •1-2G'7 

^-Cliloro-ortiuie -20'-14 -aO't +20’40 fod';; 

7 -Cliloronoiiam' - 8 '03 -1.30 ■ 7 '71 12'.' 

a-ClilorocttiyllienZ'nir ... o'.so - S’2 — 

a-(. 1 iioi' 0 [>i' 0 [ ylbcnzmc. 3'S7 -G-Q .. f ^-79 (j-n 

conne.xion between thi.s and the anomalous temperature-coefiicients 
already mentioned has been observed. Thus, in a private conimunioa- 
tion, he states that those active alcohols of which the specific rotatory 
power varies normally with the temperature (see curves in Fig. 1 far 
inethyb?i-propyl* to methyl-n-iindecybcarbinol) appear to give a 
constant value for the ratio which affords the 

The results: of (hpsf. (ictf-rmioations will ho piihlisihocl sc para t ply. 
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convenient measure of their rotatory dispersion ; on the other hand 
H,o.se .alcohols which have a different temperature-ooeffieient of optical 
wtatory power (methylethyl-, ethyl-nhexyl, mothylfsobutyl-, phenyl- 
methyl-, and phenylethyl-carbinols) also differ in optical rotatory 
dispersion from the normal series, CH,-Cl{(OH)’E (where li = n C H 
W«-C„Hss),of active alcohols referred to above; there is howey 
„o simple relationship between the sign of the temperature-eoeffieient 
;,n(l the relative magnitude of the disper.sion ratio. 


Table TV. 

Refracivm Jwlic.es of the OeUrovolatortj Alrohoh. 


Alf^ohol, 

Mt'tliy]-w-pr(j])ylcfirbiiinl 
.Mi'flivl-fi-butyicarbinol , 
>[ethyl-?f'amyIcarbinol , 
^]etliyl-«-hf-xyIcarbii)oI . 
Methyl-if-hop'tylcarbinol . 
Mfti}iyI-/i'OctylcaTbinol 
Methyl - fi-iionylcarbi m 1 1 . 
Metliyb/t-decylcarbinol . 
Kl liy b'rt-hexyif'arhiiml . . . , 
Phenylmcthylcarldfiol .... 
IMienylcthylcarliiiiijl 
Mi-tliyb'.'.obiitylcarbiiinl . 



r/’-" 


nifn-re 

'T>‘ 


for ( ' 

1 ‘3y;''l 

0-8080 

3C -2 


] M053 

0-8103 

44 0 

7 -^ 

1 ‘4135 

O-SMO 

51--S 

7 -.8 

1 ‘4209 

0'81S5 

59-6 

7-sS 

1 "425^) 

O'cSi^l 1 

67*4 

7*8 

1 •42P!i 

0 ‘8-2.30 

75 2 

7-8 

1-4.314 

0 •,s200 

83-1 

7 -9 

I '4369 

0'82r0 

01-0 

7-9 

1 '4423 

0S31O 

99 0 

8-0 

1 -4308 

0 ■8-26(1 

75-1 


1 -52 1 1 

1 -01 30 



1 '5200 


71 -1 

7 4 

1 '{103 

0‘>07: 




Itisliclieved that the present paper show.s that .synthetical methods 
nay be used to obtain accurate comparative value.s of the rotatory 
:,awer.s of optically active alcohols. It is hoped that the furtho'r 
nmtigation ot .several other serie.s of alcohols and also of acids of 
aimlar constitution may give values which will be capable of easier 
nterpretation in a quantitative manner than the results of those 
nrosligator.s who have precoe.ied the iire.sent authors in this field 


Expekimextal. 

21ie Ramnk Ah'ohoh. 

Of the fourteen racemic secondary alcoliols which liave been 

Tn aw1’f''‘T*'’"™ 'h** interaction 

01 espondmg ketone in aqueous alcoholic solution with sodium 

oaisiuTn" ethyl bromide, 

iro°mid res 7^1 T chloride), and magnesium fsobutyl 

ifomide- ‘ ’ >etween n-lieptaldehvde and magne.sium ethvl 
'onnde, between n-oot.aldehyde and magnesium methvl iodide, and 

.vimv ,,.,11.110...,, a ^..,,1 
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between benzaltiehyde and magnesium methyl and ethyl iodides a|] 
proceed smoothly, and were carried out in the usual manner, the 
cheaper reagent being used in slight excess. In this way 50 to 70 
per cent, yields were obtained of crude methylethylcarbinol p 
92—99°),* methyl-/i-propy]carhinol (b. p. 118— 122°), f methyh’so. 
butylearbinol (b. p. 125—132°),? ethyl-ji-liexylcarbinol (b. p 
118-121°/6r) mm.), methyI-?i-heptylcarbinol (b. p. 91712 
phenyhnethylcarbinol (b, p. 100°/ 18 mm.),t and phenylethylcarbinoi 
(b. p. 105 — 108°/] 0 mm.)4 

The reaction between magnesium ? 2 -butyl iodide and acetaldehyde 
gave only about 10 percent, of the calculated yield of methyl-n-biity? 
carbinoi (b. p. 136°), whilst methy}->i-heptylcarbinol and methyl, 
n-octylcarbinol form a veiy .small proportion of the products formed 
by the reactions between, acetaldehyde and magnesium ?i-heptyl and 
n-octyl iodides. 

The ^i-octaldehyde used was prepared from n-octyl alcohol by 
>Sabatier's excellent method for the conversion of primary alcohols 
into the corresponding aldehydes. The alcohol was heated in a Hask 
which was surrounded by a metal-bath kept at 200°. A rapid ciu'rent 
of pure hydrogen passing through this flask carried the alcohol to 
a glass tube ol which 50 cm. were packed with pumice stone covered 
with finely divided copper, and which was heated -to 300 — 315? 'Jiie 
aldehyde w.as washed out of the condensed products by a solution of 
sodium hydrogen sulpiiite, .and the process repeated four times with 
the unconverted alcoliol. The sodium bjdrogen sulphite compound 
of w-octaldohyde was crystallised from aqueous alcohol, and obtained 
in nacreous leaflet.?, which did not melt below 270°. Decomposition of 
this compound ivith a strong solution of sodium carbonate, di>tilIatioD 
of the product in a current of steam, and subsequent rectification giwe 
a 50 cent, yield (calculated from tlie alcohol used) of ^i-octaldeh^e 
(b. pi. 7i°/2t) mm.). No by-produets were observed in this preparation, 
the I 0 .S.S being due very largely to inefficient condensation of the 
products carried over by the liydrogen. 

•The ketones required, were prepared by passing the : 

various acid.s, mixed with five to seven times their weight of 

glacial acetic acid, over thorium oxide heated to 400° (Senderen^ 
Compt.rend., 1909, 149, 095 sep). The thoria was mixed with 
glas.s wool and loosely packed into a tube of Jena glass heated for 
1 ^^ 1 normal acids used were hexoic, nonoic, 

from'eibon" *" fnmtionatioi. to sepantci: 

both of tlu'.^e a'ade alcohols coutaineil iiHraf'oralilfhyde 

wa!; !;!f' and pmigcnt udmm wlhdi 
.adivc isoiiiffi.hN distiPation, but was uot pre.sont in (he iprieaily 
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and laurie acid. The solutions of these in acetic acid were 
p.j^scd through the slightly inclined tube from a dropping funnel at an 
fly rate of about 50 c.c. Tn each case the products wei’e practically 
neutral, and no charring took place in the heated tube. Fractional 
(jistillation of the products gave from 70 to 90 per cent, yields 
^calculated from the weight taken of the acids named) of the ketones 
of the general formula CHg'CO'R, and from 30 to 10 per cent, yields of 
the ketones with the formula R’CO’R. The methyl n-amyl ketone 
pj.gpired in this manner was identical with a sample of the same 
cniB pound purchased from Schuchardt, which liad been prepared by 
the distillation of a mixture of barium hexoate and acetate. Some 
properties of the ketones prepared are set out in table Y. 



Table V. 

Aid ting 

Roiling 

Moiling point of 

Ketone. 

point. 

point. 

scinicarbazone.* 

diethyl ft-amvl kutone..,, 

— 

150" 

I23-0 

Methyl n-oetvl ,, 

- 

210 

121 '5 

Methyl jrdeevl ,, 

20 

144711 

122 -123 

Mctlivl M-uiidec'vl ,, 

29 

10071 6 mm, 

12G'0 

Dianiyl ,, 

- 

223' 

— 

1 lioctyi , , 

ri3 

-- 


fDiilecyl ,, 

64 

— 

— 

Oiuinleey] ,, 

70-71 


— 

" All al.itaiiie<l (Voni atpieous .ale 

<diol ill ilif* foi'm 

of pi isJtinti'. H 

.'Odles, 

1 The oxime of tins ketone crystallises from aqueous needles in hair-iike needles, 

iliich melt at 27 aV, and readily 

regeiierate.s tht' 

kuloHe wlien 

boiled witli dilute 


hTdrocldoric acid. 


It will be seen that the semi car ba zones ai'e of little value for the 
characterisation of the ketones, CHg'CO'R, for these all melt at about 
123° whilst the ketones, R’COvR (where R contains more than five 
carbon atoms), do not form .semicarbazoues by tlie ordinary methods 
for the preparation of these compounds. 

The nonoic and undocoic acids used in the preparation of the above- 
mentioned ketones were obtained in almost quantitative yields * by 
Darzens’ method rend., 1907, 144, 329), in which the ethyl 

esters of A^-nonylenic acid t and couimercial undecenoic aci<l were 
reduced by hydrogen in the presence of finely divided nickel heated 
to 180^'’. 

Thus, for example, in ouc set of experiments 300 grams of nudeecnoie acid were 
i'Uf'ntic'd .and n-diicod. After iiydrolysis of tlm resulting saturated ester and dis- 
liilation of the acid, 260 grams of utidecoic acid (ni. p. 2S*) were obtained. From 
tiiis was prepared 1/4 grams of methyl ."i-deeyl ketone along witli a quantity of 
(li'leeyl kdoiie, 43 grains of the acid being ivcoven d ; 133 gram? of inethyb«-decyl- 
mbiiiol weie obtaim'd by the rciluctiou of this ketone, 

' A'-Xoindenic acid w.as prepared by the excellent method of Haidirg and 
^^'tUwann dfrans., 1910, 97, 299). 
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The* ketones of the general formula* CITj'CO'R, fis described abov(i^ 
and also methyl ?i-butyl ketone and methyl w-nonyl ketone (pQFchai-jfifi 
from Kahlbaum) were reduced in alcoholic solution by means of 
sodium, the procedure of Thoms and Manuich {Ber.^ 1003, 36 , 2544) 
adopted for their reduction of methyl ?^-nonyl ketono being followeil. 
The alcohols* thus obtained were (the yields varying from 70-80 
percent.); methyl-n-biitylcarbinol (b. p. 136°), raethyl-n-amylcarbino] 
(h. p. ir>S— 160'-), racthyl-w-octylcarbiuol (b. p. 210—211°), methyl- 
«-uonylc;iiddnol (b. p. 110712 mm.), mothyl-Ji-decylcarbinol (ni. p. 
about 5°, b. p. 140'V1-^) mm.), and methyl-/i-undecylc.arbinol (b. p, 
birVll rnm.). 

The Bacemic Hydrogen Fhthalic Esters. 

The hydrogen phthalic esters were prepared by heating the alcohols 
with phthalic anhydride (equal mols.) for about ten hours at llu^in 
an oil-bath, except in the case of methylefchyl- and methyl-jj. 
propyl'Carbinols, which were heated on a water-bath. The product.^, 
which generally contained some phthalic acid and unaltered an- 
hydride, were poured when cold into a solution of sodium carbonate. 
After keeping for some hours to allow of the hydrolysis of any 
anhydride, the alkaline solutions were extracted three times with ether 
to remove unc.sterified alcohols and neutral phthalic esters, both of 
whicli dissolve to a considerable extent in aqueous solutions of the 
sodium alkyl phthalates, The acid ester.s were then precipitated by 
hydrochloric acid, either as oils or solids of low melting point, and 
were extracted with chloroform. Phthalic acid, being insoluble in dry 
chloroform, is thus readily removed, whilst the dried extracts after 
complete removal of the chloroform, at first on a water-bath, and 
finally under diminished pressure, r'onsi.ste<l of tlie hydrogen phthalates 
in tlie form of opaque, crystalline masses. These acid ester.s :ire verv 
soluble in all the common organic media, but some of them crystalline 
readily from light petroleum. The melting points of the racemic 
hydrogen phthalates are recorded in table IX, p. 63, along with 
thase of the corre.sponding active compounds, whilst the compositioa 
and purity of each were checked by titration in alcoholic .solution with 
sodium hydroxide. 

The following compounds were also obtained : 

rhmyhueihy! carhinyl hydrogen pht.halate, 

CC7H-C\.jH,'CO,/CH:\re‘CJd., 

which crystallises in opaque leaflets from either glacial acetic aciil or 
benzene, and melts at lOSh 

All tlt.-s- alcohols were <*oii)iuraTivclv inudi ].ur( r llian tliosc obtained l>v ilie 
Grigiiaid reactions. 

f fine'll s..lntions cannot In* wanned To 70’ or .ah<;ve without iin<i(“rgoi:i- s-'tii' 
decomjiositiou. 
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Xn (i<‘^ potcmium salt of ^-butyl hydrogen phthalate, 
C0,K-C,H,-C02-C,H„C0,H-CaH,-C02-C,H,. 

^vhich crystallises from acetone in very slender needles, melts at 
15(3—168° and is decomposed by warm water, 
found, K 8 07 . C24H2.O3K requires K = 8-09 per cent. 

The Racemic Hydrogen Succinates. 

Several acid esters of succinic acid were prepared by a method 
similar to that employed for the corresponding phthalates. They are, 
liowever, best extracted by ether instead of chloroform, traces of 
succinic acid being readily removed from the ethereal solutions by 
washing with water. The following carbinols gave hydrogen succinates 
in the form of viscous oils which did not solidify when kept at - 10° : 
mcthylethyh, methyl n-propyl-, methyl-?a-butyl-, methyl-n-nonyh, 
metliyh‘5obutyl-j and phenylethyl-carbinols, whilst that of phenyl- 
methylcarbinol crystallises from light petroleum in beautiful nacreous 
leaflets, and melts at 60 — 61 ° 

Brucine Salts of the Acid Esters. 

Tiie method adopted in each case for the preparation of the pure 
brucine salt of the dextrorotatory acid ester was : A solution of pure* 
racemic acid ester in acetone is boiled with the calculated amount 
(equal mols.) of brucine, t which is added in small portions at a 
time until the alkaloid is completely dissolved. The solution, having 
been fdtered (if necesary) while warm, is then concentrated, and set 
aside in the ice-chest for some hours. The crop of crystals is collected 
and reery.stallised several times under the same conditions. The first 
mother liquor when acidified yields a Isevorotatory acid ester, and is 
used for the preparation of the pure Imvorotatory alcohol, whilst that 
from the first recrystallisation yields aii acid ester, which is usually 
slightly dextrorotatory, and can be convenientdy used for the pre- 
paration of the stryclmine salt of the pure dextrorotatory acid ester. 
The melting points and rotation of the brucine salts become constant 
after three to ten crystallisations, whilst in most cases the solubility in 
warm acetone decreases to a considerable extent as the salt becomes 
pure. The actual solubility of tlie pure salts of the plithalates varies 
considerably and most irregularly even in the homologous series 
described (see table YI) ; thus, for example, in the case of the member 
of the series corresponding with octane, 100 grams of the pure 
brucine salt would require about 10 litres of hot acetone to dissolve it, 

ilte siicirss o( the resolution largoly dLqiomlH on the purity of the acid estor. 

^ ■' A\\ the alkaloids mentinued in thi^ ['iiper wriv ilic pun st ('oinmeroial s]iecinK'Us 
-loiiridq ii-oovrivd UDclimigod in roiatiLiin 
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whilst the same quantity of the salt of that corresponding with nonane 
would require less than half a litre. The composition of the brucine 
salts, as well* as of the other alkaloidai salts described in this paper 
was ^.letenuined by an estimation of the nitrogen content. In every 
case, as was to be expected, the silt contained one molecule of etch 
component. The brucine salts of the acid esters of succinic acid are, as 
a rule, loueh more soluble in acetone than the salts of the corresponiliriff 
plitlialates. The following salts were also prepared : Dibnicim phtkakip^ 
whicli crystallise.s from warm alcohol in glisteuinff 
larnollic, which melt and decompose at 113^, and are very slijjhtly 
soluble in cold alcohol or chloroform. Brucine, hudrogm phthalak 
which crystallises from alcohol in clusters of prismatic 
neHdli\>.:, melts at 216^^, an<i when dissolved in chloroform ha*! 
[dji, + 13 52^. Brucine hydrogm succinate, crystallises 

from a'|neous alcohol in needles, melts at 217 — 219“^ and in absolute 
ethyl alcohol has [a],) - 17‘70". 


Ilnicitu! still of (lie 

Tjtm.E VI. 

JWnevtu Salts, 

M.ltin- 

Rotatory power * in 
ethyl alcohol. 

)i fih </ 1 (tc of 

point. 

Specific. 

.Molei'utii'. 

'?-M(t]iv]ct]iv]r'ai'lii:i<i! 

. .. l.'I- -l.o.V 

-2-9:r 

-IS’] •' 

rZ-Mi-thyl-u-piopylvirliinnl ,, 

.... 104—100 

- 3-91 

24-() 


.... 144-14.5 

I “04 

2C‘0 

(hOliUlivl'/vainvlvi I'iuiioi... 

... 137— 13S 

4 42 

•>Q*1 

fM\K‘tliy]-/?-li<,'xyl(’;uljinijl .. 

1.51 

5-44 


(MMtvIiyl.-jrf.liopI yliMl'liinol 

. .. MO— 142 

4-97 

34 1 

^j'-Mctlivl-a-ootvicarhiiioI,., 

.... 186-13S 

6-01 


'/-.Mi'ihyb/MKKiylcai'liiiiol 

.... I'M-lltj 


' h i 1 • r liy hjM 1 ccy ] c It rb i n ( 1 1 . . 

.... 123-124 

(vOO 

44*1 

"’•Mctliyl-sMiiiilcrylcailiiiioL 

... ] 20— 122 

.5 -69 


ti - M ah vhkobiuvlcai'biiio] . 

.... ]ti7— lOS 

4 ‘19 

'^C'9 

d- h:!ivi-/(-li(>\Tlci]rbii)ol 

.... los-no 

11-41 


}i ijd ii .^/rccin a tc of 

d PheijvIiii<^t]ivl<’;irlmjol .... 

llO-.i 

+ 15’3.3 

-i- 94 '4 

r/-i'(ji'uvk:t]iv]carbii!nl ... 

... 103—105 

1 0 -28 

100 2 
- 133-0 

/•AhMlivliv'vbiitvlcai'biiuil .. 

05 

22 ‘41 


" In all vises in,-r.t;oiic<l in this paper uliere l]n> rotan.ry power of a cmnpuuiid 
has bi.m olwcved ni solution, the solution was pv-paiv.l by makinj? up 1 -Tram of 

tlii‘ ronipomnl t(i 20 c.c. \vith the solvent. “ » ^ ■ 


Cmchonidine and Strychnine Salts of the Acid Esters. 

The ciiichonidinc salts of the acid esters were prepared, as a rule, in 
tie .same wa\ as tlie brucine salts, but when dissolved in hot acetone 
they often decompose and deposit the alkaloid. It was found prefer- 
aole m some cases to adopt the following method, which was employed 
for tITe preparation of the stryclmine salts : Kquimolecular proportions 
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of tlio alkaloid and the acid ester are dissolved in chloroforrn j the 
chloroforoi is then distilled off, and whilst the salt is still in the pasty 
condition, it is dissolved by the addition of the requisite amount 
of boiling acetone. For each recrystallisation the salt is dissolved in 
chloroform, and a like procedure followed. 

3Iost of the cinchonidine salts are very soluble in acetone, and 
do not crystallise at all readily from aqueous acetone. The strychnine 
salts of the optically pure acid esters are only very slightly soluble in 
cold acetone, and are always partly decompo.sed when boiled with 
acetone. The strychnine salts described in table VLII were all 
prepared from samples of acid esters possessing a slight positive 
rotation. Strychnine salts of the c^^-hydrogeu phthalates were 
unaltered in rotation by recrystal lisation in the manner described, 
whilst the rotation of the strychnine salt of a partially active 
hydrogen phthalate of phenylmethylcarbinol was not affected by 
crystallisation. 

Table VII. 


Cincho/iidirte Salts. 


(.'inchoiiidiue .salt ot the 

Melting 

Roration iii 

ethyl alcohol. 

hydro'jcn ‘phlkalaU of 

point. 

.Speeitie. 

Molecular. 

/-M ethyl-?i-arnyl(:arl;i iiol 

lOS-100" 

-70-:16^ 

-392-6“ 

LM(‘ili\l-7t-liexyIcai-bijiol 

112 -nc 

08 ’02 

389 0 

/-Ethv'l-ii-hexylcaihinol 

115—118 

GO ’4 7 

351 -3 

hydroyai sioxinatc of 




d-Met!iyl-/i-butylcar1tiuol 

S')— !*0 

7G’7:i 

3 SO -6 

d-.Methvli<srtbutylcarbiuol 

100—102 

70 .54 

:’'79’G 

/-rhcnyiethylcarbinol 

111—102 

IIS’IG 

62S‘2 

Table VIII. 



Siryd 

nine Salh-. 



Sii'ychiiiiie .salt of the 

Melt inti 

Uotation in chlorofoi’ui. 

hydrogen phtkahi.ic of 

point. 

Sperilic. 

Mul ocular. 

d-ilethvieih vlcarbiiuil 

. 140—152^ 

-20’0r 

- ■>: 'S' 

f(!-Melliyi*?{-pro]tv1('iulum)l 

.. 170— ISl 

- IS -50 

30-7 

thyl - ?i - amy Icui bin ol 

.. 200-204 

1 8 ’.vO 

31-7 

d-MeihvI n-hexvlcurhiuol 

ISO 

• lS-74 

MO 7 

(bMethyl-/).-hopivlcarbinoi 

142—140 

-lO’ir 

j> 

d-.M ct hyl-/(.*oi;ty ! earl unol 

.. 130—1:37 

-18 -37 

34 ’.8 

d-M('thvl-a-iioiivlcaibiu<)l 

. 141—115 

17’]1 


(^ilethyb/i-uiidecvlcarbiuol 

. 142- -143 

- IS ’GO 

36 ’6 

Optically Active Ac 

id Eders of 

iJii Alcohols 

* 


The optically active acid ester.s were readily obtained from the 
bnicine and cinchonidine salts wheu alcoholic solutions of these were 
' Attempts were made to ivsolvc tlie liydrog^u Tetweldoropbtluilic of 

iiif'tiidetliyi-, methyb.'johiityl-, nuuliyb/iqu'o])}!-, and im-iliyb/i-butyl-eirbiiioU by 
liHotioiial crystallisation of tlie, btuenio and L-inchouidiuL' salts, but in no was 
tesoliition uiroctetl under tlie conditions tried. 



(32 PICKARD AND KEN VON : INVESTIGATIONS ON THE DEPENDENCE 


poured into dilute hydrochloric acid. Although the oily esters, wluc^ 
were at once precipitated, in many casevS solidified to crystalling 
masses, it was generally found necessary to dissolve them in ether, sq 
that by repeated washing with very dilute hydrochloric acid the 
hydrochloride of the alkaloid could be completely removed. The 
strychnine salts were decomposed in a somewhat different manner. 
Alcoholic solutions of these were poured into dilute ammonia, and 
after the strychnine had been removed by filtration, the acid esters 
were obtained on tlje addition of hydrochloric acid. 

The acid phthalic esters (see table IX) were all obtained a.s 
crystalline masses after removal of the solvent, and in some cases are 
readily rocrystallised from light petroleum, but, like the acid succinic 
acids and all the corresponding racemic compounds, they are very 
.soluble in the common organic media. The optically active acid 
succinic esters were only isolated in three cases, being usually 
hydrolysed at once. They are all oils, which decompose when 
distilled, so that the observed rotatory powers may be mis- 
leading, as the solvent (ether) may not have been completely 
remo\ed, Tlie hydrogen succinate of cZ-methylisobutylcarbinol had 
[a|,j+14‘52^ in chloroform, and the corresponding Isevo-com pound 
[a]i, cZ-^-hexyl liydrogen succinate had [a],>+6TT' iD 

chloroform, whilst the hydrogen succinate of phenylethylcarbinol had 
ft -20’06'^ in a 25-mm. tube. 


Tke Oplimlly A dive Alcohols, 

The alcohols, except in the case of methylethyl- and methyl-n- 
undecyl carbinols, were obtained by the following method ; The acid 
ester is dissolved in a hot concentrated aqueous solution of potassium 
hydroxides {'21 inols.), and the alcohol formed by the hydrolysis is 
distilled over in a current of steam. It is then extracted from the 
distillate by ether, and the ethereal solution is dried by long keeping 
over freshly ignited potassium carbonate. 

Ihe optically active alcohols obtained wore comparatively stable in 
the pre.sence of alkali hydroxides. Although as a matter of pre- 
caution they were removed from the prolonged action of potassium 
hydroxide as rapidly as possible by a current of steam during the 
hydrolysirs yet in two or three cases (notably those of methyl-n-hexyl- 
and uiethyJ-ri-undecyl-carbinols) by actual experiment it was found that 
the lotatioa w^as unaltered by continued boiling under a reflux 
condense! with aqueous alkalis. The alcohols were obtained as colour- 
ess, strongly refracting liquids or low melting solids. They have faint 
Characteristic odours, in all cases these being far less than those of the 
optica y inactive isomerides. There seems to be in some cases, for 



HUl'ATORY VOW'EK ()>J CHEMICAL CONSTITUTION. PART L 63 




64 PICKARD AND KENVON : INVESTIGATIONS ON THE DEPfiNDENct; 


exampl’e, phenylethylcarbinol, a slight difference in the aroma of the 
dextrorotatory and Icevorotatory forms. 

Specimens of some of the alcohols of each type described were foimd 
to be unaltered in rotatory power after exposure to light for many 
rrionths whilst stored in common glass bottles. Several of them were 
reconverted into the hydrogen phthalic esters, these being readilv 
obtained without reerystallisation with the maximum rotation observed, 
showing that at least these alcohols will not undergo racemisation 
when removed from natural products by the “ phthalic anhydride” 
method {compare Haller, Compt, rend.f 1910, 151, 697). At least 
30 c.c. of each of the active alcohols mentioned below have been 
obtained and the preparations repeated. The densities have been 
determined in a pyk nometer holding 3 '5 c.c., and the rotations in 
jacketed tubes of 50 and 100 mm. long. 

Methyltthylcarhinol. — Since this alcohol is very difficult to separate 
from ether, it was salted out’' of the distillate obtained from the 
hydrolysis of the hydrogen phthalic ester by means of pot!l^j^ium 
carbonate. Specimens of the dextrorotatory alcohol obtained from the 
brucino and strychnine salts of this acid ester agreed in rotatorv 
power, this being unaltered by keeping over fieshly-igriited baiiunj 
oxide. 

The dextrorotatory alcoliol boih^d at 99‘’/760 mm., had df ** O'blOo, 
]' 0‘b025, 4 *'” 0 7717, and y ’ 0’7566 ; and + 14-83^ at 4-5°, + I bOo- 
at +13-52^at27“, + lo'OS'^ at o6'5", +12 57°at 48‘7^, +12'15' 
at 58°, -h 11 '77'"’ at 72°, and + 11 ‘83° at 01*7^. 

The alkaloidal .salts of the ^^-butyl hydrogen phthalate and of the 
corresponding succinates crystallise badly, and are decomposed when 
warmed with acetone. 


Several attempts have been made by one of us and W. 0. Littlebuiy 
to resolve this alcohol by the “ menthylcarbimide ” method (see Trans,, 
1906, 89, 465, 1254). l-menihylcarbamaie, 

was readily obtained by warming equimolecular quantities of the 
carbtnol and ^menth)'lcarbamide. It crystallises in large prismatic 
tablets, which melt at 54‘', and have My, — 162*4 in chloroform. 

When recrystallised several times from aqueous ethyl alcohol, the 
melting point rose to 71*', and the molecular rotatory power fell to 
~ 152‘4''\ riic resolution, however, was not complete, as cl-j^-hutiil 
l-'nienihylcarhajiiate, prepared from the dextrorotatory alcohol described 
above, melted at 72° and had [a]^ ^ 5578° and My - 142*2°in chloro- 
form. Experiments in this direction wore not completed, as it was 
found impossible to liydrolyse the carbamate except by meaus of 
alcoholic potassium hydroxide, and then the separation of the carbiiiol 
from the ethyl (or methyl) alcohol used required too much material. 
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Ij^-Iodobuiane . — Several comparative experiments were carried out 
Q determine the conditions for displacing the hydroxyl group of the 
arbinol by iodine without racemisation of the compou’nds. The 
loduct of highest lievorotatory power was obtained when the dextio- 
otatory alcohol was saturated at 0*^ with hydrogen iodide (free from 
Ddine) and warmed in a sealed tube for thirty minutes at a 
eoiperature not exceeding 60° The laevorotatory iodo-compound thus 
irepared boiled at 118° had 1‘5970, and [aj'I —31 '98° Attempts 
Q convert this iodide into optically active methylethylcarbin- 
arbinol butylcarbinol) by successive treatment with magnesium 
io ethereal solution) and formaldehyde (trioxymethylene) gave 
egative results; uuder the conditions tried^ the products were always 
ptically inactive, racemisation probably taking place during the 
urmation of the Grignard reagent. 

^.^fethyl-n-propylcarbinol . — This alcohol, prepared either from tlie 
iracine or the strychnine salt of the dextrorotatory hydrogen phthalic 
ster, boiled at 118*5 — 119'5° Determinations of the density gave 
fM)*SlG9, r 0 8058, f 0*7967, P 07871, T 0 7751 ; and of tho 
pecific rotatory power : [a],‘, + 14-38° +13-86° at 19°, +13-44° at 

7-5° +13-14° at 38°, +12 91° at 49° +12-79° at 58 5°, t- 12-55° at 
+ , aud +12-56° at 90*5° 

\j^-Iodopentane.—Th\ii compound was prepared as follows: The 
txtrorofcatory alcohol was saturated with pure h3(lrogcn iodide at 

and heated at 100° in a sealed tube for thirty minutes. After 
uriHcation in the usual manner, the iodide boiled at 143^, had 
'/I 5067, and [a][; -37-15° 

{\-}fttkyl i>butylcarbinol, of identical rotatory power, wa.s obtained 
;oni the btucine salt of the dextrorotatory hydrogen phthalic ester 
rul from the cinchouidine salt of the dextrorotatory hydrogen succinic 
stor. It boiled at 137—138°, had 0-8179, ' 0-8021, f ^ 0-7903, 

"0-7726, and ™ 0-7134, and |a]i, +12 08°, +11-60° at 19°, +11-45° 
t26-8°, +11-27° at 35-7°, +11-05° at 48°, + 10-87° at 59°, +10-77° 
t72°, +10-77° at 93°, and +11-28° at 133°. 

Iji-lodokexane was prepared in a similar manner to the corre- 
ponding pentane derivative. It had d\' 1-4354, and [a]\1 - 38-35 '. 

A-Mctkyl'n’anykarlnnol , — This alcohol boiled at 73*5 ^20 mm., h;id 
“■’0-8190,f 0-8050, 0-7920, 'i‘ 0*7815, and [a]i? +10-21° +1014° 

t 31', +9*95° at 46°, and +9*75° at 09*3°. 

\-^felhyl~n-amylcarbinol had very similar constants to the dextrO' 
otatory alcohol. It boiled at 74-5°/23 mm., had d'f 0 8184, and 
4> ~ 10-52°, - 10-48° at 17°, and - 9-58° at 91°. 

and ]-^fethyl-udie.l•7JIcarbinol^i . — These alcohols (Pickard and 
Kenyon ; loc. cit.) have been prepared in larger quantities than 
of the other alcohols here described. The following additional 

VbL. XOIX. P 
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h.vo been .leterminod for the comped: 

0-8170 (If 0 -S 095 ,<ff 0-8019, and [a]„ +10-00 at 9, +9 51 at 
o0-5“ +9-40“ at M-S'O +9-19“ at 48“, and +8-98° at 91-5“ 

” investigators have observed that 

ordinary commercial methyl hexylcarbinol (*«.-oetyl alcohol) possesses 
a slight rotatory power. Samples supplied by Kalilbaum had 
a'- -O'lS'' in a ‘2-dcm. tube. This alcohol was converted into the 
hydroc^en phthalic e^ter, and recrystallised twice from glacial acetic 
acid ami once from light petroleum. The alcolml recovered from this 
purified ester possessed approximately tho same rotatory power. It 
was tliereforo assumed that the commercial alcohol contained a small 
.amount of tlie ^-alcohol. To it was then added tlie calculated amount 
of the (/-alcohol, so that an inactive product was obtained. This was 
tri^ated with phthalic anhydride, and the ester purified as before. The 
alcoliol prepared by the hydrolysis of this thrice- recrystallised ester 
was found to be completely inactive. The experiments described 
below, in which an inactive metliylhexylcarbinol was used, were 
carried out with a product prepared in this way. 


Esttrs of Methjhri-lmylcarUnol. 

i\-f^-OclylacMatc, CHg-OO/CHMe’C.^Hg,— This was obtained as s 
pleasant-smelling, mobile licpiid, boiling at 86 88 /22 mm. It liad 

r/1' 0-85G9, and [a][, +7-65^’, whilst when hydrolysed with potassium 
hydroxide it gave tlie optically pure (/-alcohol. 

d-j^-Oclyl J^-phenylpyopioiuite, CII^PlrCH^'COg'CHMe'CgHjg. — The 
acid WHS converted into the chloride by heating on the water-bath 
witli the calculated amount of thienyl chloride. The product wa.s 
then warmed with the d-alcolml until liydrogen chloride ceased to 
he evolved. The oily ester was then purified in the u.sual manner, 
and it was found that redisiilUition did not alter its rotatory power: 

0-117G gave 0-3354 00, and O'lOSG HoO. 0==77-78; H==9'80. 

‘ requires C = 77'8(i ; H = 9 ‘92 per cent. 

The ester is a transparent and odourless liquid of somewhat 
viscous character, which boils at 192 — 196°/27 mm., and has 
(/!' 0'9483. The rotation observed in a 1-dcra. tube gave qd -f 
whence [al{[ -rl’2T9'^. A second preparation, made by the method 
of saturating a solution of the acid in the d-alcohol with hydrogen 
chloride, had [a]!; +12'26'^. 

The coi responding /«ero-cora pound was prepared in a similar manner 
hy the finst of the methods indicated above. It boils at 200— 202^ 
32^nim., and has c/^ 0’9476. In a 1-dcm. tube it gave a^, -ll'85^j 
whence [aj[, -- 1 2'r!l"'. From each of tliese tw'o esters there were 
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recovered, by hydrolysis, alcohols with [a]]J ± 9 ’9°. The corresponding 
inactive ester boils at 190 — 192^/27 mm., and has 0*9815. 

}^stm o/ Cinnamic Acid, — These were prepared by passing hydrogen 
chloride for forty*live minutes through a mixture of equivalent 
proportions of the alcohols and cinnamic acid, which was kept at 110^. 
The esters were purified in the usual manner, and were obtained as 
clear, colourless liquids without odour. 

The cmnamate thus prepared boiled at 2i8'^/28 imn., had 

dl' 0*9694, and in a 50-mra. tube +19*48° whence [a]iJ +40*19° 
The alcohol recovcrcxi from this ester had [a]u +0*06°. The ester, 
which was quite free from chlorine, when repeatedly treated with 
aluminium amalgam in moist ethereal solution was quantitatively 
converted into the corresponding ester of /3-phenyIpropionic acid, 
which had [aJU + 12 ‘36°. 

The corresponding /wew- ester boiled at 21 17-3 mm., had + 0*9692, 
and [a]U-39‘78° whilst the d^ester boiled at 213'798 mm., and had 
dr 0-9716 : 

01261 gave 0*3620 CO, and 0T065 11,0. 0-78*51 ; H-9*38. 

requires 0 = 78*46 ; H = 9*23 per cent. 

Esters of Phenylpropiolic Acid, — The esters of phenylpropiolic 
acid were prepared in the same manner as those of cinnamic acid. 
They were obtained free from chlorine, and when hydrolysed gave 
the optically pure alcohols. They are colourless, highly refractive 
liquids, which possess faint odours. The d-estor boiled at 20C — 208°/ 
20 rum., had df 0*9823, and in a 50-mm. tube gave a^*' + 24*95° whence 
[a]|j' +50*80° Repeated treatment with aluminium amalgam in moist 
ethereal solution converted the unsaturated ester into the coLre.sponding 
derivative of ^-phenylpropionic acid, which had [a][; +12 00° The 
/-ester boiled at 209727 mm., had d]* 0*9719, and gave a'* --12'33° 
in a 26-mm. tube, whence [ajJJ -50*75°. The d/ostor boiled at 
228—231748 mm., and had di' 0*9757. 

Esters of the Tartaric Acids. — The rotatory powers of the esters of 
the tartaric acids with the methyl-w-hexylcarbinols have been deter- 
mined in the hope that the results might be useful in supporting the 
conclusions of Patterson {Trans., 1907, 91, 705) as to the non-validity 
of van’t HoS's theory of optical superposition. The rotatory powers 
observed were not in accordance with this theory, but owing to the failure 
of all attempts to prepare the corresponding esters of i-tartaric acid 
these results do not give a strict proof of its von- validity, such as Patter- 
son has furnished in his work on the menthyl tartrates. McCrae has 
described ethyl /?*octyl d-tartrate (Trans., 1901,79, 1103) and di-j3- 
octyl d-tartrate (Trans., 1902, 81, 1221) as viscous oils with a r.aixiid 
odour, and the latter as having a yellow colour. The esters mentioned 

• t' 2 
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in table X have all been obtained as highly-refracting, colourless 
liquids, somewhat viscous and practically odourless. The preparation 
of the di-/3-octyl tartrates is readily carried out as follows ; 40 grams 
of the required methyl-»'hexylcarbinol and 10 grams of the diethyl 
ester of the tartaric acid are mixed and saturated at a temperature 
below 0"^ with hydrogen chloride, After some days, the hydrogen 
chloride and about 5 c.c, of the mixture are distilled off under 
diminished pressure on a water-bath. The main bulk of the mixture 
is then again saturated with hydrogen chloride as before, and kept for 
a week. Tlie excess of alcohol, along with the hydrogen chloride, is 
now removed bv distillation under a pressure of about 20 mm., and the 
ester carefully fractionated under a pressure of about 6 mm. One 
distillation is generally sufficient to give a product of constant rotatioo, 
the neutral esters boiling between 202° and 210°/6 mm. 

In view of the discrepancy between McCrae’s results and those here 
recorded, specimens of di-^-ocbyl c^-tartrate were prepared from Kalil- 
baiim’s alcohol {with a slight hevorotation) and both diethyl and 
dimethyl ci-tartrate, each preparation being found to have [ajJJ + 10 1)9", 
wliereas ]\IcCrae’s value is [a]|f + 7-()6°. Similar preparations from the 
pure <i^alcohol and diethyl and dimethyl ^Z-tartrates had fa]|/ -1-1M8' 
and +11 -02° respectively. In the preparation of these esters from Kalil- 
baum's alcohol it was found that the rotation of the unesterified alcohol 
varied slightly from that of the original sample. As purchased, it had, in 
a 2-dcm. tube, a -0-14° to -0'17° whilst the unesterified alcohol hd 
a - 0 05° to - 0 07°. In the course of the lengthy series of experiments 
summarised on p, 48, ethyl dl-^ -octyl c/- tartrate was isolated. It 
boils at 187 — 19077 mm., has 1'056S, and [aJU +8-55°, a value 
higher than that recorded by McCrae {loc. cit.), who gives [a]|l‘ +7'6ot 

Attempts to prepare the pure /?-octyl esters of i- tartaric acid were 
failures, these compounds apparently decomposing before distillation.'*^ 

Table X. 

The Di-ji-Oclyl Keiers of the Tartaric Adds. 

Spedjic Rotatory Powers and Densities. 

d'Tanuric Z-Tartaiic r-Tartaric 

acid. acid. arid. 

fMilcthyl-ytdic'cylrarliiiioh [B]jJ ... +Lil-0G +2‘06 +14'I2 

(/'/ r01IJ5 1*0031 1-00I7 

Z-MrUi\d-;idir.xylcai'l'Iiiol, fa]J_' ... '-1-93 ~24'20 -14'0G 

df 1-0171 1-0059 l'00r+ 

d/-Mctljyl -YdiC-xylcarbinol, [«]'■ ,,, -11 ’00 

df l-UMS I'OOOO 

* Tlu! authoi-s are greatly indebted to Dr. M, 0. Forster, F.R.8., who attrtiij+“'l 
to Til'll!! a Mainjiir ol one of tlie.sr esters. Hr fouinl that violent ilrrpinj'Obitif'ri -xrt m 
at abuut 100' when the pressure -ivas unly O'D uiiii. 
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Halides Corresponding mth the Methyl-n-hexylcarhinols, 

i- and Z-MethyI-?i-hexylcarbinols react fairly readily with hydrogen 
iodide, bromide or chloride, the formation of the halide being accoiu- 
panied by a change in the sign of the rotation. The /S-iodo-octanes 
jiie obtained when the alcohols are saturated at with hydrogen 
iodide and kept for about five hours. In the case of the bromides and 
clilorides, tho mixtures similarly prepared are heated at 100° in sealed 
tubes for one hour. 

These halides are partly racemised if the reactions are not carried 
out under the above conditions, higher temperatures or prolonged 
heating always resulting in tho products formed being of lower 
rotatory power. All the preparations obtained were unaltered in 
rotatory power after prolonged shaking with cold concentrated 
sulphuric acid. These active halides do not appear to undergo 
autoraceinisatioD, as a specimen of ^/J-bromo-octane was found to be 
unaltered in rotatory power two and a-half years after its preparation. 

Various constants for these halides are given in table XI : the 
following additional ones were determined for Z-^-bronio-octane : 

f 1‘0805, f 1-0G88, and f 1-0532; [a]„ -31-07° at 4°, 
-30-33° at 13 r, - 20-05° at 30°, - 28-62° at 37'4° -27-81° at 50°, 
- 2G-56° at 60°, and - 25-18° at 92°. 

Taele X[. 

Halides from MeUfyl-n-he.rylcarblnol. 

a}' ill 



Boiliii*.; Foiut. 


SO-uiju. IuIk'. 

ir 

</-j8-In(lo-octaiK; 

lOl V'i-i imn. 

1 -3:31 4 

-f 2d -51 ' 

+ 39-83 

^J8-^odo•octillle 

9-2 7 1-2 ,, 

1-32! '9 

- 20-97 

-40-36 

rZ-iSOh'oniO'Octaiu: ... 

74718 

1 '0893 

•f 1 4 -9S 

d' 27-33 

/-0 IlroTno-octanc ... 

71714 

1-0914 

- 14-90 

- 27’47 

'i^-fl-Chloio-oc'taiK* ... 

7f> /2S ,, 

0-8t).")8 

•-8-83 

+ 20-10 

/■/3-Chloro-octaiiu ... 

70 725 ,, 

0-.SH28 

-SS2 

-20-44 


Several experiments were carried out in which the halides were 
treated under varying conditions with potassium acetate. Although 
in every case the resulting /I- octyl acetate had a rotation opposite in 
sign to the halide used, yet it was never obtained optically pure, some 
racemisation invariably taking place daring the formation of the 
acetate, whilst possibly the halides themselves were not optically 
pure. 
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^-Methjlxi-hcjytyh ^-Uelhyl'(i-ociyh d^Methyl-n^nonyl-carhinoh 

These weve each prepared in two ways, namely, from the brucine and 
from the strychnine salts of the dextrorotatory hydrogen phthalic 
esters. The following constants were determined : 

d-Meihyl-n-heptylcarhinol boiled at 105719 mm., had 0-8281, 
0-8202, f- 0-8129, f'‘ 0-8043, 0-7799, and fa]„ +8-98^ at 19^, 

'+8-88° it 2G-5^, +8-7P at 34° +8-55° at 40-5° +8*44° at 66^ 
and +8*39° at 72°. 

d-3fethyl-n^octyIcarhinol boiledat 110-1 ir/ 11 mm., had ^^0-8293, 
0-8220, ]-•’ 0-8090, f 0-7935, and 7’ 0-7222, and [a]i, +8-74'-’ at 17°, 
at 26-4°, +8-37° at 35-4°, +8-02° at 58'9°, +7-75° at 93°, 
and +7*81° at 146°. 

d^Meth:yl-T\-nonylcarhinol boiled at 128720 mm. and solidified when 
cooled to a mass of stellate needles, which melted at 12° It had 
d\^ 0-8318, r 0‘8226, f 0-8145, 0-8017, T 0-7896, and [a]^ +8-40° 

at 6°, +8-18°atl8° + 8’03° at 25-7° +7-88°at35° + 7-67° at 48-?, 
+ 7-55° at 59°, + 7-34° at 73°, and + 7*27° at 92° 
d-Methyl-'n.-decylcdrbinol, obtained from the brucine salt of the 
dextrorotatory hydrogen phthalic ester, boiled at 146 /24 mm,, and, 
when cooled, set to a mass of stout, prismatic rods in a crystalline 
matrix. This rn'eVed at 18-7°, had df 0*8369 (in a supercooled 
condition), f' 0-8265, f 0-8182, '7' 0-8090, 0-8016, and [a]i, +7*80= 

at 19°, +7*66° at 27°, +7-51° at 36-5°, +73*2° at 46*5° +7*15° at 
57-5°, +7-00° at 71°, and +6*88° at 93° 
d^^!ethyl-n-urldecylcarhinol, obtained either from the brucine or 
strychnine salt of the dextrorotatory phthalic ester, boiled at 156—1577 
17 mm., and set to a glistening, crystalline mass of prismatic needles, 
which melted at 30°. It had d'^^ 0*8215, ^ 0*8109, 0-8012, and 

[a]„ +7-10° at 25*5° (when supercooled), + 6*98° at 33*5°, +6*74° at 
48°, +6-55° at 56-5°, +6*42° at 71-9°, and +6*37° at 93°. 

d-Methylkohutylcarhijiol -was obtained from the brucine salt of the 
dextrorotatory hydrogen phthalic ester and from the cinchonidine salt 
of dextrorotatory hydrogen succinic ester. It boiled at 65*5°/4.‘ mni., 
had 0-8083, f 0*8014, f 0*7824, T 0-7596, and [a]r, + 21-35° at C 3’, 
+ 20-86° at 14°. + 20-4° at 21-3°, +20-04° at 29 5°, +19*69° at 38*7°, 
+ 19*48° at 43°, +19*11° at 57° +18-65° at 72°, and +18*25° at 
94 -3° 

\-Methylkohutylcarhinol, obtained from the brucine salt of the 
lievorotatory hydrogen succinic ester, had [a]n - 20*80°. 

d-£thyl n hexykarbinoI, obtained from the brucine salt of the dextro- 
rotatory hydrogen phthalic e.ster, boiled at 97°/17 mm., had 0*8281, 
;"^0-S202.''f'' 0-8129, 'f* 0 801:3, i'-’ O'TiOO, and [a]i, +8-09-' at 
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+ 8'0:v' at 20'6° +8'13^ at 37'8^, +8'U^ at 48-2^, and +8-27'' at 
70 - 5 ^. 

irnyMiexylcarhinol, obtained from the cinchonidine salt of the 
Ijcvorotatory hydrogon phthalic ester, boiled at 94®/ 13 mm had 
j;- 0•8277, and [aPJ -7'96® 

Table XTI shows some of the properties of the y-chloro-, bromo-, and 
iodO'iionanes, which were prepared by the methods used in the case of 
the corresponding /3-octano derivatives. In each case ilie alcoliol 
yielded a halogen derivative with a rotatory power of opposite si<^n, 

Table XIL 

y-IIalogen Derivatives of n-^onane. 


boiling point;. 

^/. 7 -Chloronoiiane 87— sr/i^l mni. O'^SS TT-jr 

T^-Chloi'ononano lOU/lO „ 0'8540 .~8-03 

fTy-Hromonouanc 1127:32 ,, UOOOO +12‘90 

/-y-broinoiionjiiio 90— 977‘22 ,, 1 0897 -13 39 

((-ydodoiionane 120727 ,, r-V940 -i- 17.55 

/- 7 -IodoDonaue 122 /37 „ 1-2S73 -17-E)0 


d-rhenyhnetkylcarhinol, CgH--CH(OH)‘CIL, obtained from the 
brucioe salt of the dextrorotatory hydrogen succinic ester, boiled 
at IOO 7 I 8 mm., had I'OIOI, f- 1'0079, f- VOOIO, f 0'99U, 

0'984G, 0'964G, and [a];, +42*90'^ at 6®, + 42'85® at 27®, +42*74® 

at36'87 +42-69® at477 +42-53® at 58®, +42'27®at 7P, and +41-33® 
at 94®, fP' 

d-Phenylethylcarhinoly obtained from the brucine salt of the dextro- 
rotatory hydrogen succinic ester, boiled at 115-~116®/25 mm had 
< 0-9962, and [af + 27'35®. 

\-FKen7jkthjUarhin0l, obtained from the cinchonidine salt of the 
corresponding Ircvorotatory ester, boiled at 115— llG®/25 mra had 
0-9982, r 0-9872, ^ 0-9755, 0-953S, and [a]:, - 2+76®’ at 5-3®, 

-26-83® at 15-2®, - 29'07® at 27-2®, - 30-34® at 35®, ^ 33-90® at 64-5®, 
and - 35-58® at 94®. 

The corresponding chloro-compounds were obtained when these 
three alcohols were saturated at 0® with hydrogen chloride and kept 
for some hours, 

U’CUoroahylhenzene, CJI.-OUCI-CIT,, from the dextrorotatory 
carbinol, boiled at 86®/22 mm., had df 1 -0642, and [a]!; - 5-80®. 

The Uevorotatory pheuylethylcai-binol yielded A a-chlorojwopylhenzene, 
wluch boiled at 86— 87®/15 mm., had d'/ I '0429, and [a];; +3-79®. .The 
corresponding dextrorotatory chloro-compound boiled at 95® 25 min 
and had < 1-0430 and [a]]' - 3 -87'®. 

The authors have iiinch pleasure in acknowledging tlio assistance 
^iveii to them by Miss Annie Higson, H,8c. (bond.), who prepared and 
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eari'ied 'out many experiments with methylethylcarbinol, and by ^Ir, 
(i T. tiyrne, B.Sr. (Slanc,), who has repeated several of the resolutioes 

described. . ^ ^ 

Further, the authors desire to express their thanks to the Govern- 
ment Grant Committee of the Koyal Society for repeated grants, which 
have partly defrayed the lieavy expenses of this investigation. 

MuNicii'Ai' Tecuxic'm. School, 
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\IU.— The Chemisfnj of ^lesothorium 

By FRTtDETlICK SoDDY, M.A., F.R.S. 

MEsr)Tiioiuoi,thc first product of the tlioriiim disintegration series, 
and the parent of radiothorium, was discovered three years ago by 
O. Halm {Ber., 1907, 40 , 1462). Although for the past few months 
]io\vcrfu]ly radioactive preparations of this substance, prepared by 
Halm during the course of the manufacture of thorium salts from 
monazite sand in the works of i)r. Knofler Co., Plotzeiisee, Berlii], 
have been put on the iiiarket, noil dug has been allowed to transpire 
couccruiug the cliCinical processes by which the separation is 
olTected. Rutherforcl, in a Royal Institution Lecture (January 
31st, 1908), drew attention to the value of mesothorium as a possible 
substitute for radium in many experiments, owing to tlie large 
scale on which thorium com pounds are commercially ma-nufaetured. 
Although mesothorium is not a permanent source of radioaclivity, 
like radiurri practically is, yet the period of average life, about 
eight years, is sufficiently long to make it a very useful substance 
if it could be prepared on a large scale. At the beginning of the 
present year, powerful sources of thorium radioactivity were needed 
for certain experiments, and as at that time there seemed no 
possibility of obtaining it in any other way, experiments were under- 
taken on the separa.tion of inesothorium from thorium minerals, 
commencing with Ihorianite, 

The discovery of radiothorium by Sir WLlliam Ramsay and 
0. Ilalin, which preceded that of mesothorium, w'as made in (be 
course of the treatment of a large quantity of ihorianite for radium. 
The material was fused with potassium liydrogen sulphate, the 
insoluble residue being treated in the same way as the radium- 

Siiiro this paper was Aviilten there has appeaj'cd a conimiinication on the same 
subject by , Marckwald {Uer., 1910, 43, 3420) which anticipates the discovery of 
the cticinical identity of mesotiioriiinr-l and radium. 



SUUDY : THE CHEMISTRY OF MESOTHORHJM. 


n 


:ottUining residues from pitchblende, to extract the barium as 
diloride. Radiothorium was discovered in Ibis product (Sir W. 
Raiusay, /. Chmi. Fhys., 1905, 3, 617; 0. Hahn, .7ohrh.,Radioaciiv. 
vhkfronik., 1905, 2 , 234). Subsequently a study of the chemical 
properties of radiothorium by Elster and Geitel {Phyaikal Zeitsch., 
^906, 7, 445) and G. A. Blanc (Phil. May., 1905, [vi], 9, 148), and 
the ^\'ork of Boltwood (Amer. J. Sci., 1907, [iv], 25, 93), resulted 
in the view at present held, that radiothorium resembles thorium 
completely and cannot be separated from it by cbemical ^orocesses, 
and that the radiothorium prepared by Ilahn was due to the 
separation of mesothorium and the spontaneous production of 
radiothoriura from it with the lapse of time. What little is known 
of the chemistry of mesothorium we owe to Boltwood, who showed 
that the original process employed in the separation of thorium-X 
(Rutherford and Soddy, Trans., 1902, 81, 343, 837) in the filtrate 
after precipitation of thorium by ammonia., separated also the 
mesothorium. lie also precipitated barium sulphate in a dilute 
solution of a thorium salt, thinking that the adsorption of radio- 
thorium by the barium sulphate might explain Hahn’s results with 
thorianitc. He found, however, that mesothorium, but not radio 
thorium, was separated with tlie barium sulphate, and concludes: 

It appears quite likely therefore that the entraining action of 
barium si^lphatc on mesothorium was dircctlv responsible for tlie 
presence of radiothorium in the thorianite residues [of Hahn]/’ 
Since Sir W. Ramsay and Hahn were dealing with a mixture of 
radiothorium and mesothorium in genetic relationship, nothing can 
be learnt from the original papers on radiothorium {loc. cit.) of 
the chemistry of mesothorium,-^ as it is uncertain throughout to 
which substance the reactions apply, whilst in Hahn s later papers 
on mesothorium (loc. rif., and Phy.Akal. Zcifsch., 1907, 8 , 277) no 
information on this subject is given, 

Thorianite is, from the radioactive point of view, the most 
complex material it is possible to w'ork with, as it contains every 
one of the thirty or more radioactive elements known, in important 
quantity, ^ the penetrating radiation contributed by the uranidm 
and thorium ^series being, for the specimen of thorianite examined 
(which contained about three times as much thorium as uranium), 
of very similar iiitcnsity. The thorium disintegration series, as at 
present known, is shown below to facilitate reference, and no 
phenomena were encountered in the course of the work which could 


“liaaio-thoriam” {/. Chim. 
rJirm, uouvean c(trps so pn-dpite i>artidlement avec le 

, on ajoutant aux sols de tliorinni dabord uu sel do baryum et onsiiiie de 
J ‘-■t Pon pent eTeotner sa sdaration du radium par un des 
I* ocHdfs dont nous avoiis donnr la description.'' ' 
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not readily be explained by this succession of changes and by the 
known changes in the radium series. 

Throughojit, y-ray methods of measurement with lead electro- 
scopes (Soddy and Russell, PUl Mag,, 1910, [vi], 19 , 752) have been 
employed whenever possible, as by these means the difficulty of 
comparing together specimens differing greatly in density arul 
weight is avoided. The only objection to it is that considerable 
amounts of material must be employed to produce effects sufficiently 
large to measure with accuracy. In dealing with monazite, a special 
very largo lead cylindrical electroscope (22 cm. high and 22 cm. 
diameter) was constructed so as to give greater sensitiveness. Tlie 
lead used, which was 3 to 4 mm. thick, was taken from tho roof of a 
very old building, in which any radio-lead initially present would 
have decayed Heporfs, 1906, 3 , 305), so that the natural leak 

might be as small as possible. It proved very successful. A very 



complete study of the y-radialioii of the various radiO'Clemciits, in 
conjunction with Mr. Russell, has recently been concluded, and the 
sccdion dealing with the y-rays of thorium has appeared in the 
Fhllomphical Magazine (1011, [vi], 21 , 130). It suffices to state here 
that the two thorium types of y-rays, from mcsothorium-2 and 
thorium-/.^, botli in penetrating power and in the ratio of their 
intensity to that of the accompanying jS-rays, are extremely similar 
to the radium typo of y-rays which are given by radium-C'. 
Radium-C, mesoiliorium-2, and thorium-Z), alone of all tho known 
radioactive constituents, give y-radiation of sufficient intensity to 
affect the measurements. When j3-ray methods are employed, the 
possible effects due to uranium-Z, radium-^', and, perhaps, 
actinium-C' must also be remembered, but the y-rays from these 
substances are negligible. In all measurements of y-rays, the 
preparations were contained in sealed test-tubes, so as to retain the 
radium emanation completely. In spite of the complexity of 
thorianite, no difficulty wms ever experienced in deducing from the 
variations of the y-a.ctivity with time the radioactive consiituenls 
prc5bnt and their relative amount, although two of the periods 
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(those of the radium emanation and thorium- J) controlling the 
y-ray variations are identical. 

For the specimen of thorianite worked with, moreover, the 
y-activity contributed by thorium-7J was very similar in intensity 
to that contributed by radium-(7, so that, frccjucntly, preparations 
appeared to remain of constant activity for long periods, when 
^hat wa.s really taking place was a simultaneous complete decay of 
thorium- (and in consequence thorium-i}) and a concomitant 
reproduction of radium emanation (and in consequence radium-C) 
from the radium. The analysis of the effects was no doubt enor- 
mously simplified, because, as will appear in the sequel, meso 
tIiorium-1, radium, and thorium- A appear to form a trio of 
chemically non-separablc elements. 

Experiments were started with a solution of thorianite in nitric 
acid by the two known methods, capable of separating mesothorium, 
duo to Boltwood. The repeated precipitation of the solution with 
ammonia and evaporation and ignition of the filtrate, as in the 
preparation of thorium-Z, effects a complete separation in sufficiently 
dilute solution, but in an attempt to apply it to considerable 
quantities with more concentrated solutions, the separation was 
partial, and the fraction separated varied capriciously. The pre- 
cipitation in the thorianite solution of hariuni as sulphate, although 
at first not very successful, was found ultimately, under proper 
conditions, to yield good results, even in concentrated solutions the 
separation being nearly complete. In one experiment 26 grams of 
barium nitrate was dissolved in a solution of 600 grams of thorianite ' 
in nitric acid, from which most of the excess of acid had been 
evaporated. The solution, of volume about I'S litres, was put in a 
Winchester quart bottle, excess of dilute sulphuric acid added, and 
the bottle shaken for an hour on a shaking machine. The 
separation of the mesothorium was practically complete, a second 
precipitation yielding a precipitate possessing an activity not greater 
than could be accounted for by the regeneration of thorium-Z in 
the time between the precipitations. 

About 5 kilograms of thorianite wore treated by this method, 
and the y-activity of the products, sealed up in testAubes, was kept 
under observation for some time. The first precipitn.le from the 
solution increased rapidly in y-activity by about 50 per cent, in the 
course of two days, and then remained nearly constant. During 
filtering and drying, mesothorium-2 is usually produced in nearly 
equilibrium amount before the first measurement. The increase 
for the first two days is due to the formation of thorium- D from 
thorium-Z. After that time the decay of thoriiini-Z just balanced 
the production of radium-(7 from the radium as already explained. 
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SO til at ‘the activity remains sensibly constant. For the subsequent 
precipitates the y-activity was due mainly to thorium- J, regenerated 
between the precipitations, and, after reaching the maximurj), 

steadily decayed. , , . ^ , , t • i ^ . 

In this way, from the 5 kilograms of thorianite a total weight of 
about 200 grams of barium sulphates of various activities was 
separated. Up to this time it was considered, as Boltwood had 
supposed, that the inesothorium was merely adsorbed by the barium 
sulphate. ^ Uranium-X was, in a recent research (F. Soddy and 
A. S. Eussell Phil. Maij., 1909, [vi], 18 , 620), frequently separated 
by adsorption with barium sulphate, and was found to be readily 
separable from the barium after solution of the barium sulphate, 
by precipitating with ammonia in presence of a trace of iron, 

"in the hope of being able to effect a preliminary concentration of 
the inesothorium from the barium, to a portion of one of the 
sulphate precipitates, after conversion into chloride, a small 
quantity of dilute sulphuric acid was added to precipitate a small 
fraction of the barium as sulphate. The precipitate so obtainea, 
however, was no more and no less active than the same weight of 
original material. Other attempts to concentrate the inesothorium 
from the barium, chciriically, failed, and the conclusion Avas drawn 
til at the separation of mesothorium with barium is due, not to 
an adsorption by the barium sulphate, as had previously been 
assumed, but to a chemical resemblance between the two elements. 

The whole of the active barium sulphate was converted into 
chloride by ignition with sugar-carbon in separate small quantities 
in quartz crucibles, and the barium sulphide dissolved in hydro- 
chloric acid. The crude chlorides in acid solution were freed from 
lead by liydrogen sulplhde, made alkaline with ammonia, and filtered 
from the small iron and thorium hydroxide precipitate. A frac- 
tional crystallisation of the barium chloride was then cominem'ed 
to concentrate the radium present from the barium. The various 
precipitates Iiad been sorted into three grades, according to their 
activity, and Avorked up into pure chlorides separately. The raw 
material for the fractionations thus comprised three preparations 
of weights 52, 69, and IDo grams, and relative activities rougiily 
as 5 : 2 : 1. As it Avas then unknown whether the separation of the 
barium from the mesothorium would be possible, the fractions Avere 
not mixed, but dissolved separately. Fractionation was carried out 
for separating radium from barium in the usual way, the mother 
liquor of the richer fraction being used to dissolve the crystals of 
the next richest. Preliminary tests showed that the process Avas 
very effective in concentrating the mesothorium as well as the 
radium from the barium. In a few days three fractions were 
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a^ain made up, of weights 57, 97*5, and 7 6' 5 grams. Mesothbrium-2 
vas separated from each separately by adding 10 milUgrams of 
thorium nitrate, and precipitating with ammonia. The relative 
activities of these inesothorum-2 precipitates were as 25*3: 4‘3: 1. 
Xhe mcsothorium in ec^ual weights of barium chloride was therefore 
as 34: 3‘4 ; 1. This showed that the mesothorium had been effec- 
tively concentrated by the fractional crystallisation, the crystals 
being enriched, and the mother liquor impoverished, as in the case 
of radium. The three fractions were dissolved, left for a week, 
then evaporated to dryness and sealed up in teshtubes, and the 
Y-aetivity measured over a period of six weeks, 10 grams only of the 
first fraxition being taken for the test. The ratio between the initial 
and subsequently generated activity gives the relative proportions 
of mesothorium and radium. These ratios were in order of richness 
of the preparation, 0'52, 0*46, and 0 56. Hence mesothorium 
follows the radium extremely closely in the fractionations. The 
small differences in the ratio, since the raw material of the frac- 
tionations was not homogeneous, but derived from different 
quantities of thorianite, are not greater that might be accounted 
for by variations in the composition of the mineral, or by the 
presence, possibly, of thorium-X from regenerated radiothoriuin. 
The measurements were only rough, whereas those which follow 
were done with the greatest possible accuracy. 

In order to settle whether any alteration at all in the proportion 
of the mesothorium and radium was produced by fractional 
crystallisation, the most active fraction, all but the 10 gram sample 
sealed up for the previous tests, w'as refractionated as before. The 
richest fractions, withdrawn from the process after the fifth and 
eighth successive fractionations, were combined and labelled .4.1. 
A part of the 10 gram sample of the original material was taken, 
and labelled .1. The two specimens were dissolved in water at the 
same time, freed from niesothorium-2 by precipitation of thorium 
hydroxide in the solution as before, evaporated, and sealed up. 
A weighed 2'38 grams, and .4.4 2'09 grams. The y-rays were 
compared after two days, when mesothorium-2 is again in equi- 
hbriuiri, and at intervals subsequently. The measurements give 
the means of telling exactly whether any alteration in the ratio of 
the radium and mesothorium has been effected by the further 
fractionation. 

Fraction .4.4 proved to be 8' 75 times as active as fraction .4, 
showing that a concentration of the active material in the ratio 
10: 1 had been effected. Nevertheless, the proportions of radium 
and lucsolhorium iu the two preparations were identical. The 
ratio of the activities icmained unchanged within the errpr of 
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meai nenfc, which may be estimated at less than 2 pef cent., ove? 
the period from the first day after preparation onward, during 
■which the a'ctivity more than doubled, owing to the accumulation 
of the radium emanation. In order the more accurately to compare 
the two preparations, measurements were taken not only of the two 
in the same position beneath the electroscope, but also of the 
stronger preparation at a greater distance, so that the effects 
compared should be of the same order. The following table shows 
the actual readings of the electroscope in divisions per minute, 
corrected for the natural leak ^about 4 8^, and the ratio between 
them for the two positions. 


Day. Fraction A. Fraction A A. Katins. 

1st 10 ‘.'i ^91-5 12 '05 87 I'U 

^>\u\' " 13-1 IDVO 14*9.5 8*8 1*14 

Snl . 1.5'0 133-0 17 '35 8*85 M5 

7th ... 19'65 170-8 22'3 8'7 M3 

13th 23-9 203 '0 20 '6 8-5 M-2 

34th 26 0 224-0 29-5 8 '6 M4 


The fractionation process, from which the fraction AA was 
derived, was continued until twenty-four sets of fractionations had 
been performed. The products were then combined in two final 
fractions, the one, labelled C, consisting of the weak, and the other, 
labelled of . the rich fractions. Thus the most active fraction 
of the original material was obtained in three fractions, .4.4, 71, 
and C, the weights of which were 2 '09, 2*27, and 38 grams respec- 
tively, and the relative activities as 4*6 : 3‘85 : 1. The concentrations 
of the radioactive matter in the three fractions were therefore as 
84 : 64 : 1. Fractions B and G were kept dissolved in w-ater for 
some days, so that mesothorium-2 should be initially in equilibrium, 
then evaporated to dryness, sealed up in test-tubes, measured imme- 
diately, and again after twenty-one (lay.s. The relative activity of 
the two fractions was exactly tlie same in the two tests, showing 
that the fractionation process which had altered the concentration 
of .the radioactive matter sixty-two times had not affected the ratio 
of the two radioactive constituents. For each fraction the pro- 
portion of the activity contributed by the inesothorium was almost 
exactly one-half that contributed by the radium, which is practically 
the same as that found initially. 

This experiment proves coTiclusively therefore that in the frac- 
tional crystallisation of barium chloride, containing mesothoriuni 
and radium, the mesotliorium and radium behave as a single 
substance, and there is no hope of separating them by this method. 

\\ith the knowledge gained of the chemical nature of meso 
thoiium, a good many further experiments were done on its 
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separation from thorianite, which need not be detailed. They all 
bore out the view tliat mesoUiorium and barium are chemically 
analogous. It was found that a practically complete separation of 
tlie mesothorium and radium from thorium in the thorianite 
solution could most favourably he effected by adding a small 
quantity of barium nitrate and a considerable quantity of strong 
nitric acidj and precipitating the thorium with oxalic acid in the 
strongly acid solution. The mesothorium is precipitated from the 
filtrate by pouring it into excess of sodium carbonate' solution 
(which keeps the uranium dissolved), and recovered from the 
solution of the precipitate in nitric acid by precipitating the barium 
with sulphuric acid. 

In the first experiment with monazite sand, 400 grams wore 
dissolved, by heating it with twice its weight of sulplmric acid and 
stirring the product with cold water, exactly as in the technical 
working up of the material. The muddy liquor obtained was 
decanted from the unattached sand, wliich constituted about 20 per 
cent, of the whole, and left to deposit its sediment. This weighed 
4-8 grams, and consisted largely of calcium sulphate. It was 
labelled A, One gram of barium nitrate was dissolved, and added 
slowly to the clear monazite solution, with efficient stirring. The 
precipitate (labelled B) w^eighed 1'8 grams. Tested by y-ray 
methods, the undissolved sand retained about 4'o per cent, of the 
total activity of the material. The ^-activities of the sediment A 
and precipitate B were as 1 to 3 initially, and as 1 to 2 after forty, 
days. Thus, under the ordinary conditions of the thorium manu- 
facture, an important part of the mesothorium is lost in the insoluble 
sediments. Tho chemical behaviour of mesothorium, as is to be 
expected, is indefinite in the absence of sufficient barium to bo 
([uaiitilativeiy separable. ^Monazite contains much less uranium 
and therefore radium, relatively to thorium, tlian thorianite, and 
the y-rays of tlio preparation B in consequence fell to about half 
its maximum value in the course of a month, owing to the effect 
of the decay of thoriiim-A' exceeding the growth of radium-C. 

Further experiments with 400 and 800 grams of monazite sand 
^vere made as before, except that about O'l per cent, of barium 
carbonate was mixed with the sand before heating. The sediment 
obtained from the muddy solution now contained practically all tlie 
mesothorium and radium in the monazite. One such sediment, 
from 800 grains of monazite sand, weighed 14'5 grams and contained 
practically tho whole of the mesothorium in the material. Its 
/-ray activity at the maximum, three clays after preparation, was 
about 70 per cent, of that of the original material. The unattacked 
sand retained 8 per cent. 'A further precipitate of 16 grams of 
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barium sulphate formed in the clear monazite solution possessed a 
small initial activity, due to regenerated th ori urn- JC only, which 
almost completely decayed in tlio course of a month. Certainly 
less than 5 per cent, of the mesothorium in the sediment was present, 
As throughout the work thorium-X, mesothorium, and radium have 
always been separated together, the presence of thorium-X and 
absence of mesothorium in this precipitate may be regarded as clear 
evidence that practically the whole of the mesothorium can b& 
separated from monazite by the method described. The 
y-radiation of the main sediment fell to about 57 per cent, of its 
maximum value after a month, as the effect of the decay of 
thoriuni'A’ overpowers the increase due to the generation of 
radiura-6b 

In the course of two or three years it is to be expected that 
the preparation will rise in activity to somewhat more than its 
initial value, due to the regeneration of radiothorinm, and in con- 
sequeiice thorium-X (and also of radium'C, which does not con- 
tribute to the initial activity). Then it will decay exponentially, 
with the period of mesothorium-1, to the constant small proportion 
contributed by the radium. 

A part of this sediment was boiled with sodium carbonate, washed 
free from sulphates, and dissolved in hydrochloric acid. It left an 
inactive residue, mainly silica, whilst from the solution practically 
the whole of the radioactive matter w’as precipitated with the 
barium chloride by saturating it with liydrogen chloride. This is 
further evidence of the resemblance between mesothorium and 
radium. All the methods effective in the concentration of the 
latter wdiicb were tried serve equally well for mesothorium. 

In going over all tho measurements, which refer to more tliaa 
thirty preparations, the activity of which was kept under observation 
for a moil til or longer, tliere is clear evidence also that thorium- A’ 
is always separated in any chemical operation in the same pro- 
portion as mesothoriuin and radium. It appears that the behaviour 
observed by Bolt wood for the one reaction, precipitation with 
ammonia, is general. Certain apparent exceptions shown in the 
preparations measured were found, on referring back to the details 
of the separation, to be due to a lapse of time after tho thorium- A’ 
Lad been separated irorn the mineral before the first measurement. 
In these circumstances, owdiig to tho decay of the tharium-A' 
after separation, its proportionate activity compared with tliat of 
mesothorium and radium appears low. Although no separate 
examination of the point has been made, tliere is good reasoQ tn 
believe that mesothorium, radium, and thorium-X are a chemically 
inseparable trio, It should be mentioned, however, that 
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Q. {Fhi/sik(d. Zr.itsch,, 1907, 8 , 553), from a comparison 

gf the coefficient of diffusion, and ionic mobility of thorium-X in 
solution, deduced from Nernst's theory that the thorium-X ion is 
jiiigly cliarged, and is therefore univalent. The conditions under 
the radioactive measurements were carried out, however, 
p,(>rD very far from definite. In the more recent work of Stromholm 
ind Svedberg {Zeitsch. anorg. Chem., 1909, 61 , 338; 63 , 197), some 
iinportant additions have been made to the chemistry of the radio- 
elements. The method employed was new and ingenious. By 
■rvstallising various salts in solutions containing radioactive con- 
;tilueiils, they sought to determine to which of the known elements 
[lie radio-elements were isomorphous. They concluded that no 
liil'erencps existed, even from the quantitative point of view, 
Lictween thorium-X, actinium-X, and I'adiuni. So far as thorium-X 
Is concerned, this agrees perfectly with the results given in this 
paper. They point out that in the thorium, actinium, and uraniuin- 
fadiuin series the three emanations are identical chcniically, being 
Qieiiibers of the family of inert gases. The preceding members, 
tliorium-X, actinium-X, and radium, are again identical, all being 
members of the alkaline eartli family. Next to these come radio- 
thorium, radioactinium, and ionium, which are all similar, but they 
are inclined to put in the Periodic Table the respective groups 
ionium, urariiuni-X", radio-uranium ; radioactinium, actiniuni ; and 
radiothoriura, mesothoriuiri, tlioriiim, as analogous to the rare-earth 
^roup lanthanum to ytterbium, as follows : 


adi Period 
Ctli Pt-'i'ioJ 


0. 

Xe 

RtiKtii 



1. 

(h 


■ 1 . . 3 - 4 . 

Ihi Lfi - Yb 

biiiiiun (UXcKaU} \ 

Acx i:oAc,Ac a 

ThX K;iT}i,MsTh,Th J 


Their work on mesothorium is indefinite and in disagreement, for 
the most part, with the results in this paper, that mesotliorhiin-l 
is identical chemically with radium and thorium-X. For example 
they state that ammonia precipitates all elements of the thorium 
series except thorium-X, and that mesothorium is not precipitated, 
like radium, along with barium sulphate, citing in support of this 
last some experiments, which, in their second paper, they withdraw 
because they have not been able to repeat them. It is clear that 
the chemical identity of mesothorium with radium completely 
negatives the above attempt to bring the radio-elements into the 
Periodic Table. The elements radiothorium, mesothorium, thorium 
suggest anything rather than the rare-earth group lanthanum to 
ytterbium. 

It appears that chemistry has to consider cases, in direct 
VOL. xcix. G 
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t>jjposifion to the principle of the Periodic Law, of complete chemical 
identity between elements presumably of different atomic wei»tt 
and no doubt some profound general law underlies these 
relatiojisbips. Apart from the case of the three emanations, foj 
which chemical identity is necessarily a common property of the 
whole group, we have, in addition to the case of radiolead (210-4j 
and lead (207*1), which are chemically inseparable, two well-delineij 
groups of triplets: (1) Thorium (232*4), Ionium (230*5), Radio- 
thoriunu (228*4); (2) Mesothorium-1 (228*4), Radium (226*4), 
Thorium-X (224*4), in which the chemical similarity is apparciitlv 
perfect. The atomic weights, estimated, for the unknown cases, hv 
subtracting from the atomic weight of the parent substance the 
known number of helium atoms expelled in their formation, sliov 
a regular dilierence of two units between the successive members of 
these two groups. The lirst group consists of quadrivalent elemeuts 
of the fourth vertical column and the second of bivalent elements 
of the second column of llie Periodic System, and yet the atomic 
weight of the last member of the first, and first member of the 
second, group arc, as far as is known, the same. 

The chemical identity of the members of the above two groups 
is almost certainly much closer than anything previously known. 
In the rare-earth group, elements with neighbouring atomic weights 
are often so closely allied that they can only be separated after the 
most laborious fractionation, and distinguished by the difference 
in their equivalents. But as the latter are always very close, the 
test is a very rougli one in comparison with wliat is possible for 
l adio-elemcnts. Take, for example, the case of ionium and thorium. 
Boltwood, Keetman, and, lastly, Auer von Welsbach have all failed 
completely to concentrate ionium from thorium, the latter after a 
most c.Nlia.ustive examination, in which his unrivalled knowlecLe 
of the rare-earths was sniipicmented by the new, powerful nietliods 
of radioactive analysis {}/ iNdluurfcn dcr Radium VI, 

K. Akad. HV.vs. ll'm/?, 1910, 119 , ii, a, 1). ’ Tlio 
ci^ueslion naturally arises whether some of the common eleuieiits 
may not, in reality, be mixtures of chemically non-separablo elements 
in constant proportions, differing step-wise })y whole units in atomic 
weight. This would certainly account for the lack of rcsjular 
relationships belweem the nuincrica.l values of the atomic weights. 

llie ^ xamph.a given include all (lie kiiow’ii radio-elements with 
})eiiods of average life longer than a year, except uranium,* whilst 
for this element the fact that it alone gives two o-particles per 
atom disintegrating, wliich probably are not derived from two 

^ Aotinhn.M.aiiliar(llybe coiisuku-ed in tlL t-uiniexion as its chemistrv is snll 
restively unjicrfuctly kiiuwn. 
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bpiflly succeeding changes on account of the lowness of their range, 
jTood ground for considering that uranium may also be a mixture 
pf two chemically non-separahle elements in constant proportion 
due to their genetic relationship, differing in atomic weight by four 
units. On this view, uranium may be analogous to thorium and 
ra.fliothorium, except that there is no intermediate product of 
different chemical nature to reveal their separate identities. 

It is natural that relationships such as these, even if they were 
general, should at first appear to be confined to the longer-lived 
radio-elements. For the shorter-lived substances, not only on 
account of the evanescent character of the material is it difficult to 
determine their true chemical nature. Adsorption plays a much 
larger part in the separation of the short-lived products than it 
docs in the case of the longer-lived. The reason is not far to seek. 
Radioactivity is a function, not of mass, but of mass divided by 
:tbe period of average life. Thus a given amount of an adsorbent 
may be able to adsorb similar amounts of two radioactive substances 
before becoming saturated. If, however, the one is much longer 
lived than the other, when quantities, not equal, but possessing 
similar radioactivity are acted on, the separation may be practically 
complete for the shorter-lived substance, and for the other prac- 
tically inappreciable.* Polonium, although its period of average life 
is less than a year, has well-defined chemical properties, which have 
been elucidated by the exhaustive investigations of Mme. Curie and 
Marckwald. It will be inieresliiig to see whether it does not prove 
to be identical with the still non-isolatcd '' di-tcllurium ” of 
Mendeleeff, for the existence of which some recent evidence is 
forthcoming (W. R. Flint, A mer. J. Svi,, 1910, [iv], 30, 209). It 
vould at least be interesting to apply to the supposed mixtures of 
tellurium and di-tellurinm the methods used by Marckwald in 
separating polonium from tellurium, 

' I desire to acknowledge the capable assistance of Mr, W. T. Munro 
in the preparation of the purified active barium chloride from 
thorianite. 

Physical Chemistry Laboualoiiy, 

UxiYEIl-SlTY OK Gi.ASCOW, 

This jioiut of view also explains at once t!ie reiiiaikal.ile ohseivatiun of Hitzel 
[ZclMu -pkij^ikid. Chem., 1009, 67, 7'2l>) that a tiaco of thoiiuiu sufibate completely 
pieveiiLs the aJsorption of iiraiiium- by chaicoal. For, accordinj^ to ^lavekwahl 
aud Keetinau, uranium-Y is completely analogous clieiuically to tlioriiini and cannot 
W ie].arated from it. 
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lo rrepare Glycerides of Amino- 
acids. 

Bv Roman Alpern and Charles Weizmann. 

The intention of the authors in commencing this work was to prepare 
glycerides of the sirrtplc amino-acids, for example, triaminotriacetin, 
XFf,-(Tl,/CO' 0 ’CH(CTT.yO-CO'CIIo‘NH 2 )o, since in all probability 
substances of this nature would possess great physiological 
importance, 

Tlie direct combination of glycerol and glycine was found to be 
impossible, ami while experiments in this direction were proceeding, 
Abderhaldeii {Znlsck. ‘phytiioj. Chem., 1910, 65 , 53) published tbc 
results of experimtmls on the same lines, from which he drew tlie 
same conclusion, 

Tlie combinalion of a-halogon substituted acids wuth glycerol was 
then carried out, with the idea of subsequent displacement of Ihe 
halogen by the amino-group. 

Experimental. 

rreimratloii of T ricldoroi riactiin. 

Tt was found that the preparation could be carried out con- 
veniently in two ways : 

(1) Direct condensation of chloroacctic acid and glycerol by means 
of zinc chloride : 

Chloroacctic acid (3 mols.), freshly distilled, is dissolved in 
glycerol (1 mol.). To this mixture is added zinc chloride (3 mols.), 
and the whole is healt^d on the W’atcr-lmth for five hours. Water 
is Ihen added, the triclilorotriacctin extracted witli ether, the 
ethereal solution washed with water, then with sodium carbonate 
solution, dried, and distilled. The yield is GO per cent, of tlie 
theoretical. 

'1 ru'hloroirwctUn is a colourless, viscid oil, with a bitter taste; 
it boils at 20o — 208^/10 mm. : 

0T09S gave 0 1334 CO. and 0-0376 ILO. C = 33-l ; II = 3-8. 

0152G „ 0-2050 AgCl. Cl = 33-0.“ 

Ci)H,iO(;Cl.j( requires C = 33'5; H — 3'4; Cl = 33*0 per cent. 

By condensing glycerol with bromoacetic acid in molecular 
quantities in an exactly similar manner, a-monohromoactikiy 
OH‘CH.yCH(OH)*CHo’0-CO-CH.Br, is obtained. This is a yellow 
oil, possessing a bitter taste, and boiling at 217— 219°/ 10 mnn: 
^0-1555 gave 0-1670 CO^ and 0-0560 H.O. C-^28*4 ■ E~4-0, 
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( 0 ) By the action of dry hydrogen chloride on a mixture of 
Pivcerol and either chloroacctyl chloride or chloroacetic anhydride : 

Dry hydrogen chloride is passed into a mixture of glycerol and 
fit her chloroacetyl chloride or chloroacetic anhydride until, in the 
; first ease, a homogeneous, viscous mass is obtained, and, in the 
second, two layers separate. Water is then added, and the tri- 
cldorotriacetin isolated as before. 

This method is also applicable to the preparation of triacctin, a 
verv good yield being obtained. 


aa^- Dij)ro2no n i n. 

Propionic anhydride (2 mols.) and glycerol (1 mol.) are condensed 
as described above. A colourless, mobile Hciuid is obtained in 45 
per cent, yield, which possesses an aromatic odour, but also recalls 
that of propionic acid. Tt boils at 170 — 173°/ 10 mm. : 

0-1174 gave 0-2264 CO. and 0-0826 H.O. C = 52 6 ; H - 7-8. 

CfjHieOj requires C = 52-9; H = 7-8 per cent. 

The displacement of the halogen in trichlorotriacetin by the amino- 
group was not found possible under the conditions employed. 

Dry gaseous ammonia, even at 0°, hydrol^^ses the ester with the 
production of glycol and chloroacet amide. 

On boiling trichlorotriacetin in xylene solution with potassium 
phtlialimide, reaction evidently took place. There was an abundant 
separation of potassium chloride, but from tlie viscous mass left bv 
the evaporation of the xylene, nothing definite except phthalimide 
could be isolated. 

aa^~DNTcc(of{ccfin, On*CH(CII.-0'CO-CH.Ac)... 

In the hope of obtaining )8-amino-derivatives of the glvcerides, 
aa'-diacetoacctin was prepared by condensing ethvl acctoacetate 
with glycerol by means of concentrated sulphuric acid. 

To a mixture of glycerol (10 grams) and ethyl cacetoacctate (30 
grams), 40 to 50 drops of concentrated sulpluiric acid are added 
very slowly with constant shaking. After ten minutes, the two 
layers should have disappeared, and wanning gentlv to about 50° 
facilitates this. If the layers do not now mix. a fe’iv more drops 
of sulphuric acid are added. The mixture is then kept for twelve 
hours; after it has been extracted with ether, the yellow ethereal 
solution is washed with a little water, dried, and distilled : 

0-0926 gave 0-1762 COo and 0 06GG ILO. r = ol-7; 11 = 7-9. 

requires 0 = 52 9; H-w’S per cent. 

do-'-Diacetoacetin is a viscid, yellow oil, boiling at 157 — 160p/ 
11 mm., with an odour resembling that of ethyl acetoacctatc. It is 
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insoluble in sodium carbonate solution^ and gives a reddish-brown 
coloration with ferric chloride. 

An attempt ,was then made to condense aa'-diacetoacetin witL 
ethyl glycine (compare Fischer, Ber., 1901, 34 , 433). 

A very small quantity of a substance was obtained, which was 
neither the product of condensation of cta^-diacetoacetin and ethyl 
glycine nor diketopiperaziiie, but the amount was too small to permit 
of further investigation. 


a^~T)ichlo}'o-a^ 'acetoacetin ^ CH.iChCHChCng’O’CO'CHgAc. 

If, instead of concentrated sulphuric acid, a stream of dry 
hydrogen chloride is used as a condensing agent, a^-dichlorohydrin 
condenses with etlivl acetoacetate to form a^ dichloro-a’-acetoactiin^ 
which is a yellow oil, boiling at 103 — 105°/ 14 mm.: 

O' 1230 gave O' 1778 CO., and 0'0554 HA). C = 39’4; H — 4'9, 
ChJii(,O.Clo requires C— 39'4; n = 4'6 per cent. 


']^-Alhjl(jlycine and its Ethyl Ester, 

Attempts were also made to combine various derivatives of glycerol 
with ethyl glycine. 

Epichloroliydrin, dicliloroliydrin, and acrolein did not condense 
with ethyl glycine under all the conditions cmplo 3 md by the authors. 

Allylamine, however, readily condenses wdtli ethyl bromoacetato 
to form ethyl ^-aliylylyclne, CH^iCH-CH.-NH-CHg'COoEt. 

The condensation is carried out as follows. The calculated 
quantity of allylainine is added to ethyl bromoacetato in ethereal 
solution in small quantities at a time, the whole being cooled to 0® 
At the end of an hour a 33 per cent, solution of sodium hydroxide 
is added, and then dry poiassiiira carbonate until the aqueous layer 
acquires a syrupy consistency. This is extracted several times with 
e'tlier, the ethereal solution dried, and distilled. The ester boils at 
75 -78°/ 15 mm. ; 

0‘0586 gave 0- 1248 CO^ and 0 0198 II.O. 0^58'! ; 

0'1383 ,, 11’5 c.c. hh at 19° and 756 mm. N = 9'5. 

0’1184 „ lO'l c.c. ,, 18° „ 756 mm. N = 9'8. 

requires C = 5S'7; H — 91; N = 9'8 per cent. 

The best yield of the corresponding acid w^as obtained by 
hydrolysing the ester with mcthyl-alcohoHc barium hydroxide. The 
barium is precipitated as sulphate, and the filtrate evaporated to 
dr^mess in a vacuum. The residue is extracted with water, and the 
solution evaporated to dryness in a vacuum. The product, 
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^■nlhjlglyciney separates from methyl alcohol as a colourless, 
crvstalline powder, melting afc 158 — 159®: 

0*1189 gave 12*8 c.c. N, afc 15® and 752 mm. N = 12'47. 

C 5 H 0 O 2 N requires N = 12-17 per cent. 

In order to obtain a characteristic derivative of the acid, both the 
a- and jS-naphthalencsulphonyl derivatives were prepared. 

d'phthalene.sul'pJionylalhjl glycine was prepared in the usual 
way. It is precipitated aa an oil, v/hich solidifies only after somo 
days. It does not crystallise well from water. 

ci'phthalenesul'plbojiylallyhjlycine was also prepared. It is 
precipitated as an oil, which solidifies in a short time. It crystallises 
from water in colourless, glistening plates, melting at 131 — 132°: 

0 1320 gave 0-2841 CO^ and 0 0585 H,0. C-58-7 j H^.:4-02. 

requires C — 59 0* per cenfc. 

In conclusion, the authors wish to express their indebtedness to 
the Research Fund Committee of tho Chemical Society for tho grant 
which has enabled them to carry out this research. 

The LFNivKiisrrv, 

Manciiestish. 


X . — Isomeric CliroraoKS Chlorides,^ 

By William Arthur Knight and Eliz.abeth Marv Rich. 

Prub’homme {Bull, Sor. ind, Uullimise, 1889, 59, 603) stated thafc 
chromous chloride was green in hot concentrated acid solution, 
although its cold dilute solution was bluej hence, from analogy to 
chroniic salts, be assumed the existence of two isomeric forms in 
solution. 

ilcBaiii (/J/ss., Heidelberg) has confirmed this, and succeeded in 
isolating a solid dark green chromous clilorido of unknown degree of 
hydration, whicli gave a green solution with water, the solution soon 
becoming aznre-blue. 

IV e have prepared pure chromous chloride by a greatly improved 
method, and, while confirming tho existence of two isomeric 
chromous chlorides, have further discovered two new solid salts, 
^•liich are merely lower hydrates of the blue isomeride, one being 
light green and the other pale blue. 

The first part of the present paper deals with tho conditions of 
' This paper corrfspoiuU uilh tJic Uvo nhstracLs in r/'occcSaijs, 1010, 26, 47, 
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existence of all five hydrates and isonieridcs. It is shown that the 
blue isomeride in solution has the formula Cl-Cr-CI, being highlv 
dissociated 'into three ions, whilst the green isomeride, CrChCl, is 
well dissociated into two ions. 


The Solid Modifications. 

The blue hydrate, CrCL..4IhO, was prepared by the following 
modification nf Recoura's method ’^- (Ann. Chim. Phys., 1887 , [vi], 
10 , 10). Chromons acetate is dissolved in concentrated hydro- 
chloric acid in a vacuum,! and the clear solution is boiled down 
to dryness. If this distillation is too prolonged, or if it is inter- 
rupted overnight, the dark green isomeride is usually formed, whilst 
if the temperature rises above 51° after crystals have begun to 
appear, the product is pale blue or light green or white, but these 
are varieties of tlie blue isomeride, and arc finally converted into 
the stable dark blue hydrate in presence of cold water. The bine 
crystals are washed by repeated decantation with pure acetone, and 
the final drying carried out wuth ether. 

Crystals prepared in this way appear to undergo no alteration 
when left for many months, but, in spite of the high degree of 
purity nf tins chromous chloride (especially wdien it has been re- 
precipitated from saturated solution by concentrated hydrochloric 
acid), its solution, on exposure to the air, has a marked disagreeable 
odour. 

The following solid cliroiiious chlorides exist: 


Durk bloc crystals CrCl2,4H20 

J)aik giwn crystals CrCljjdlL^O 

Call’ blue crystals 

Light yrrcii (amor] tlious ?) Cil'l2,2lLO 

^Vllite (amorphous 0 t'rClj 


Of these, the first and last avere previously known. A direct 
analysis of the dark green variety w\as not made, since large 
quantities could be readily converted into the dry, dark blue modifi- 
cation in a closed llask, and vice versa; consequently, it w’as proved 
that the t\vo isomerides are equally hydrated. The analyses of the 
remaining varieties were carried out by w^eighing a quantity of the 

Conqtnvp tli'- ot]’- !' nmtliocl.s liithcrto employed, which are difficult or laborious : 
Damtiicr, Ih.ndh. d. ‘niorfi. Chem., Bd. Ilf,, 1893, .^26 ; Koppel, Zeits^h. 

Chrm., 1905, 45. 359 ; Hitlorf, Zdtsch. phnsikat. Chm,, 1898, 25, 729 ; 1899, 30, 
481; 0.siwHkl, ihid., 1900, 35. 33, 204; Rraucr, ihhl, 1901, 38, 141; Dbrin", 
./. /m. Chr.m., 1902, [ii], 66, 65; 1906, [ii], 73, 392; Moissan, Ann. Chim. 

1SS2, [v], 25, 401 ; Loewel, ibid.^ 40, 42 ; Mazziicchelli, Gazzdta, 1905, 35, i, : 
Bnhriiiger i Si'ihue, D.R.-P. 115463. 

t*If ad rubber connexions are -well smeared with glycerol, a vacuum may 
readily maintaiiicd for several moiahs, if necessary. 
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Idark blue crystalline mod ifi cation in an evacuated flask of known 
l>\cight, and then converting it into dry specimens of the various 
lower hydrates by distilling at constant temperature into an 
evacuated tube containing phosphoric oxide and weighing again. 
As a check, the lower hydrates in each case were reconverted into 
tltc dark blue crystals of the tetrahydrate, which were weighed once 
more. Tho transference in a vacuum of the crystals of the dark 
blue hydrate from one vessel to another was effected by shaking 
tbem through the connecting tubes, either with or w'ithout’ acetone. 

Conclusive evidence was obtained that w^atcr, and not hydrogen 
cliloride, was evolved from the hydrates, even on heating to 180® in 
a vacuum. This was established by direct analysis (both for 
cliroraium and chlorine) of the product obtained after one and the 
same specimen had been converted into all the modifications in 
succession. 

The Pale Blue Crystalline Trihydraie^ CrClr,,3H20. — This was 
prepared by distilling off water from the tetrahydrate at about 50®. 
This gives a mixture of pale blue trihydrate and light green 
dihvdrate, CrChjSHoO, but when w^ater is added, the light green 
portion turns at once into the pale blue. The flask is then heated 
to 51®, and the pale blue modification which results is quickly dried 
at the ordinary temperature by evacuation through a phosphoric 
oxide tube. The only impurity present in the first specimen 
analysed below was a small amount of the dark blue tetrahydrate, 
and in the second, very small amounts of both the dark blue and 
tlie white modifications : 

(I) 12*405 lost 0-993. n.-,O-S 00. (II) 33-823 lost 3-220. 

H20-9-52. 

CrClojdHoO requires loss of lH 20 = 9-23 per cent. 

The J/ujht Gree?i Dihydrate, CrC]2,2H20.— When water w’as 
pumped off from crystals of the tetrahydrate at a temperature 
between 70® and 80®, this dihydrate resulted, and further evacuation 
at 100® had no effect; the only impurity was a small amount of the 
anhydrous, white chromous chloride, CrClo : 

(I) 22-354 lost 4-165. H.O-lS-flS. (II) 11-995 lost 2*383. 

H.O- 19-86. (Ill) 12-654 lost 2-391. HnO = 18-89. 

CrClo,4H20 requires loss of 2H20~ 18*48 per cent. 
nhydvo\ts Whitt Chron\o}(s Chlorule, CrCL. — This was prepared 
from the tetrahydrate by exposing the crystals to a temperature of 
180® in a vacuum. After determining the loss of wmier, gravi- 
metric analyses of the chlorine present in the second specimen were 
carried out; the results gave Cl = 55’2 and 55'6, whilst CrCh requires 
01 = 57-6 per cent., showing that very little hydrogen chloride had 
escaped ; 
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(I). 22-351 lost 8'340, HoO^ST-Sl. (II) 12-654 lost 4-512. 

H20 = 35-89. 

CrCl.jIH.O requires loss of 4 H 2 O ^36-96 per cent. 

With regard to the conditions of existence of the various moclifi. 
cations closcribed above, the following relationships were established 
by direct qualitative observation : 

A. hi (he Presence of Soliition.—The dark blue CrChjlH^O is 
the stable modification up to a temperature of 38°; it then passes 
into the dark green Crdbill^O, but if the dark green hydrate does 
not appear, the dark blue modificatioii is stable up to 51°j at which 
temperature it is replaced by pale blue Cr 04,31120. The dark green 
tetrahvdrate is stable between 38° and 60—70° and then turns into 
tlie light green dihydratc CiCl^^HoO. The pale blue trihydrato 
CrClo.oIT.jO is converted into light green dihydrate CrC1.3,2H20 at 

Fio. 1. 
















i 

1 





84 — 85°, and this iu turn becomes white anhydrous chromons 
chloride CrCh at 113 — 115°. 

The accoiupanying diagram exhibits these relationsliips, and 
represents any property (for example, concentration) of the saturated 
solutions plotted against the temperature. The observed regions of 
metastablo equilibria are represented by dotted parts of tlie curves. 

B. L ndcr fhc 1 a'pour Tensions of the Hydrates Themselves . — The 
phase rule demands three simidtaneous phases at every equilibrium 
temperature. The following was established : 

Pale blue CrCh,, 31120 ^ dark blue CrC4,4H20 + white CrCT; 
{below 53 '6— .54 ’5b (abr.vc 63 ’0-54 ’5®) 

The dark blue letrahydrate is recognised at once by its indigo 
siii^faco colour. The pale blue trihydrate is not instantaneously 
converted into dark blue tetrahydrate by water; the boundary liuo 
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pjioves at the rate of 2 cm. per hour at 17° in a caked mass of wet 
jrvstals which are passing into dark blue crystalline tetrahydrate. 

TAe Isomeridt^ in Solution. 

The solution is green when hot, concentrated, and acid ; blue when 
cold or dilute. The colour change requires only a few seconds in 
neutral solution, even at the ordinary temperature, but the presence 
of acid reduces this velocity enormously, so that the colour change 
may require weeks for completion. The dark green CrCl^, 41120 
dissolves to give a green solution ; the others produce a blue solution 
at once. 

The two alternative explanations of the structural difference, 
which has thus been shown to he independent of the state (solid 
or solution), are the following: 

(rt) Partial hydrolysis, with the formation of CvOH* as a green 
cation. 

(6) Partial dissociation, forTniug a green complex ion CrCl- 
incapahle of further dissociation. 

Hypothesis (a) is irreconcilable with the fact mentioned by 
Prud^horame, and confinned by ourselves, that concentrated hydro- 
chloric acid favours the formation of the green colour; (A) requires 
that the addition of another chloride would favour the green colour. 
This was the case when large quantities of potassium chloride were 
added to a hot solution. This consequently appears to be the most 
probable explanation, and is analogous to corresponding cases in 
the chromic salts. 


Determination of Vapour Tension. 

The tensimeter measurements were carried out in an apparatus 
of the usual type (with several joints inserted in the bulbs to prevent 
dislodgement of the chromous chloride powder). Mercury was used 
as manometer liquid, and the height of this was read on a standard 
glass scale by a telescope fitted with a micrometer eyepiece. The 
other bulb contained concentrated sulphuric acid, or w'as simply 
evacuated by means of a Toepler pump. The following are the final 
results obtained after an extended series of measurements. 


Experiment 7, 

Pale blue CrC1.2.3H20 + saturated solution (above 49°). 


Temp. 

Pressure, iinii. 

Tt'uqi. 
i 5H 

25’ 

2-9 

35 

8-0 i 

.52 

45 

19’0 

55 

48 

25-0 1 

j 60 

49 

27-6 ! 

65 

50 

28 ‘S 1 



Pressure, inin. 
30’3 
32-5 
3P-7 
56 '0 
78'4 
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The results obtained between 45® and 55® are plotted in t]i, 
accompanying figure, in order to show the very distinct break ir 
the curve at 49' 0®, where the dark blue, crystalline tetrahydrati 
decomposes into pale blue cn-stals and saturated solution of th( 
trihydrate. Hence the transition temperature is 49 0°, in gooc 


Fig. 2, 



agreement with the value 5P found by direct observation in the 
preceding part of the paper. 
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If these vapour tensions are plotted, it is seen that the curve is 
quite smooth up to the highest temperature, thus showing that the 
tvaiisition point, where only Cra,2Hs,0 in contact- with its 
aturated solution would remain, must lie still higher; according 
to the data given on p. 90, this transition point lies between 84° 
and 85° 

These results were confirmed by dilatometer measurements, start 
[iiig with crystals of the blue tetrahydrate and its saturated solution, 
•and using paraffin oil as dilatometer liquid ; 


Time at 
fonstaut 
teiiiiicra* 
turc. 


Ti'iiij'. 

Mill. 

lleiitbt. Remarks. 

sd-T 

30 

.50 00 

!};i 1 

25 

61-38 

sfO 

15 

63 0 a 5 1 . . 

8 T 0 

20 

;{<•(} 

5 

4 6 081 

7^0 

7 T 0 

10 

20 

41 60 / baling riqmlly 

7 !)•(.) 

30 

41 I 2 J 

Sd‘(l 

5 

4273 j 

,«Oif 

ir» 

42 71 falling 

SO -0 

20 

4 - 2 '60 J 


Teliiji 

Tiiiifi at 
coibtaiit 

temjiria- 

tuie. 

ilin. Height 

Rcmaik?. 

8i-r 


4S'00^ 

Tbinperatui-e had 

81-1 

10 

47 10 

been pievinn.sly 
raised to 86'" for 

81-1 

15 

46-61 

6 iiiiiinte.s, ami 
.* then lowered 

81-1 

25 

46-65 

to 81 -r. The 
meniseus fell 

Sl-1 

30 

45-02^ 

steadily, and 
was still falling. 

820 

5 

46-25 1 


8-.^ 0 

16 

46-20 

■falling slowly 

8-2 '0 

26 

15-18j 


From the above experiment, it is evident that the transition 
point, above which pale blue trihydrate CrCL,,3H,0 turns into 
light green diliydrate CrCU,2H,0 in contact witirsaturated solution 
IS ,82-84°, 111 apeemeiit with the value 84-85° obtained by direct 
observation. No further determinations with tensimeter or dilato- 
meter were iiiidertahen, as the present confirmations of these two 
numbers suffice to show the triistwcrthiness of the other directly 
observed values.* ^ 


ri,c authors arc indebted to the kindness of C. W. Spiers of tWs department 

« ! n fT"" “her the above 

al - ’ f”' ■" the dilaton„-te,- bull, bad been , note, -ted IVom Ihe 
C0l,lM tr"l' H oil used ill tile stem as indicating liijuid. Tile 

C" , analysed by measuving the volniue „r oxvgen 

* ‘''‘'■■niination of the whole of the chromium 

‘^hvstals in the temmeter 

ho.iuuied 9(j cent, of pure cliromoua chlondo, 

substance ill the tbUtonicier w.is carried out both bv the 
taeh ft I absorpti.m and by the reduction of iodine solution, followed in 
^ by gravunetne determination of the totiil ehronumn present. The 

ew;r in the 

i^wKlition, whilst two lodmc detcnmiiations pcrfoimed iudicate.i a pmity 
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Depression of the Free 2 lng Point hj the Isomerides in Solution. 

The Blue The freezing-point determinations were 

carried out in a modification of a Beckmann apparatus, employing 
a stirrer, in an atmosphere of hydrogen at barometric pressure. 
The concentration of the solution was determined after the experi- 
ment by a gravimetric determination of the chlorine : 

' ConcL'iitration Dissociation 

(g.-niol in 1000 g. H.O). Lowering. per cent. 

0-199G 1'059“ 93 

0-1037 0'52G 87 


The apparent increase in dissociation in the stronger solution is 
usual where the lowering is so great.* 

The Green Solution . — All attempts to prepare a specimen of the 
dark green CrCh,4H^O previously described proved unavailing; 
hence, in order to obtain the green solution of chromous chloride, 
a small quantity of the dark blue tetrahydrate was heated for three 
days to 95° with a quantity of water just insuflicient to dissolve it, 
to which a few drops of concentrated hydrochloric acid had been 
added. The arrangements for determining the freezing point were 
exactly the same as in the case of the blue solution, but the solution 
was prepared by adding A/lO-hydrochloric acid in this case. The 
freezing point of this dilute green solution having been determined, 
the solution was analysed (1) for chromium and (2) for chlorine, 
From the results of the analyses, the amount of liydrochloric acid 
in the solution was calculated ; a hydrochloric acid solution of this 
strength was then made, and its freezing point determined. The 
difference between the two freezing points gave the lowering due to 
the chromous chloride in the solution : 


Concentration (g.-iuol. in 1000 g, 
ot water). 

CiClo. HCI, 

O-IGOO 0-1183 

0-0182 0-1441 


Lowering cjuised Dissociation 

by CrCl^,. pci- cent. 

0-77r 73 

0-083 72 


The agreement between these two sets of experiments is fortuitous, 
siuce it is certain from the method of preparation that the solutions 

of 104*4 nnd 05 ‘5 per cent. rc.spectivcly. Gravimetric determination was raiher 
difficult hen; on account ol the presence of the dilatonieter oil. 

It is obvious that in any case the presence of even appreciable amounts of the 
excessively soluble chromic salts, (hi.\ or CrOHCL, in solution could have no 
possible intiuence ou dilatometrie determinations, since such depend solely on the 
abrupt alteration in voljine of the solid present. 

* put ot 22 cases of halogen compounds ol bi- and ter- valent metals, for which 
ata aie gneu in Landolt-Rurnsteiu’s tables, 20 behave as thus mentioned. 
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fuiitained blue cbromous chloride in addition to the green isomende. 
^'he dissociation is calculated, as in the preceding table, assuming 
^lie formula CrClg (dissociating into three ions). It is obvious that 
the green solution is much less dissociated than the blue isomeride, 
although markedly so. This result agrees with the formula CrCbCl, 
>vhicli represents the green isomeride as dissociating into two ions. 

Our thanks are due to Dr. J. W. McBain, at wliose suggestion 
tills work was undertaken, for the continued interest Im took in it. 

The Chemical Dki'Ahtmkn t, 

The Univeusmt, Biustol. 


— Jleactivity of the Halogens in Organic Com- 
pounds, Part Y. Inlcvaciioit. of Pslers of the 
Brorno-snhstituted Fatty Acids with- Sdrer Nitrate 
in Alcoholic Solution.. 

By George Sexter. 

In a previous paper (Trans., 1910, 97, 346) the results of an 
experimental investigation of the rate of interaction of silver salts 
with the lower members of the bromo-substituted fatty acids and 
tlicir sodium salts in aqueous solution have been communicated. In 
the case of the acids, the reaction is represerilcd by tlie general 
equation : 

R-CHBr’CO.JI + AgNO.. i hhO - 

il-Cn(Oir)-CO,H i- AgBr + HNO 3 , 
where K represents hydrogen or an alkyl groii]). 1 1 was shown that 
the rate of reaction increases sTiy considerably with increasing 
complexity of the group R, and, further, tiiat the reactions are 
markedly accelerated by silver bromide. 

The present communication is mainly concerned with the kinetics 
of the reactions between silver nitrate a ml the methyl and ethyl 
esters of a-bromoa.crfic, a-hromopropionic, a-hromobiityric, a-hromo- 
iVjhutyric, and a-bromo/i-ovaleric acids in ethyl alcohol, and in some 
cases in methyl alcohol. It might bo anticipated that reactions of 
this type would proceed according to the equation: 

R-CHBr-CO.R' + AgNO, + C.,Hj-On = 

R-Cn(0-aHi)-COoR' + AgBr + HNOy 
It was found, however, that the amount of nitric acid formed^ ia 
not equivalent to the silver nitrate used up — with elh)l bromo- 
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propionate only 50 per cent, of the silver nitrate reappears as nitric 
acid— and a second reaction must therefore be taking place. This 
may, in all, probability, be represented as follows ; 

R-CHBr-CO^K^ -t AgNOg + ails'OH = 

R*CH(0H)-C02R' + AgBr + CgHs'KO, 

and the total change is therefore rather complicated. The evidence 
for the view that two simultaneous reactions occur is that the pro- 
duction of nitric acid formed to silver nitrate used up remains 
constant' throughout the reaction within the limits of experimental 
error (p. 99). 

In striking contrast to the behaviour of the free acids in aqueous 
solution (loc, cil.), the rate of reaction with the esters diminislies 
regularly with increasing complexity of the alkyl group R. On tlie 
otlier liaml, the substitution of a methyl group for hydrogen in tl)e 
ester gr(Jii[> tends to accelerate the change, A few measurements 
have also been made in mixtures of alcohol and water, and the 
elfect of indiHerciit substances, such as acetone, chloroform, and 
glycerol, on the rate of reaction has been investigated. Under 
comparable conditions, the reactions are rather more rapid iu 
methyl than in ethyl alcohol. 

Unils mid Method of Measurement. 

The ethyl alcohol used in the experiments was dehydrated hv 
boiling for some days with freshly ignited lime, and finally with 
metallic calcium. Traces of reducing substances (aideliydes) were 
removed by distilling the alcohol from di'y silver nitrate. Densitv 
determinations showed that the alcohol thus prepared was eiitirelv 
free from water. The methyl alcohol \vas obtained from Kahlbauni, 
and w'as dehydrated by the method used for ethyl alcohol. 

The esters \vere obtained from Kahlbaum, and were tested as 
regards purity. The esters of brnmoacetic and bromopropionic acids 
were found to be pure - those derived from the higher acids Avere 
subjected to fractional distillation, and portions boiling at constant 
temperature used in the experiments. 

The measurements were carried out as described in the previous 
paper. Tlie solutions were warmed separately in the thermostat, 
and then mixed in a number of small tubes. In all cases, the 
volume of reaction mixture in each tube measured 12 c.c. At 
definite times the contents of a tube were transferred to a beaker 
containing a slight excess of A/oO-ammonium thiocyanate, and the 
ex.cess of thiocyanate then estimated by means of ^ /50-silver 
nitrate. 

Unless other w-ise stated, the velocity coefficients are calculated by 
means of the equation for a bimolccular reaction, which, for 
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^uivaient quantities, lias the form kt = xla{a-x), whore the 
vmbols have the usual significance. In the above equation, a-x 
^presents the number of c.c. of J/ 50-thiocyanate equivalent to the 
iiiauut of silver nitrate in 12 c.c. of the reaction mixture. The 
elocity coefficients in the tables refer therefore to a concentration 
,f 1/12x50 mols. per litre, and, if it is required to refer them to 
, concentration of 1 mol. per litre, they must be multiplied by 600. 
fho unit of time is one minute throughout. The majority of the 
[xperiments were made at 49'9°; a few at 26‘0^. 

The Esters in Ethyl Alcohol as Solvent. 

Two or three entirely independent series of measurements were 
iiade with each ester, the results being very concordant. Only a 
ew typical results are recorded in the accompanying tables. 


Table I. 

Temperature 49 “9°. 


3t[t'thyl tromoacotate, iV/10. 

Silver 

nil rate, A720x0'99. 

(mill,). 

a-x. 

^xlOt 

0 

29-6 

__ 

f?0 

27-7 

0-190 

ISO 

24-2 

0'196 

;560 

20-3 

0-192 

H40 

8-8 

0'180 

Metliyl broniopropionato, NjlO. 

Silver nitrate, NfiO x O'Oy, 

{mill.). 

a - X. 

kxW. 

0 

27 '85 


ISO 

25-6.5 

0-07 5 

4 '20 

23'20 

0-073 

600 

21-20 

O'OT-'l 

Propyl bi-omo|trf)[)ionate, 

A’/IO. 

Silver nitrate, X/2Q x 0'99. 

(uiiii. ). 

a X. 

i-xlOt 

0 

277 



3?,0 

237 

0-087 

1170 

16-55 

0-087 

•if)10 

97 

0-085 

Kt li y 1 1 n o mo ils obu ty r a 1 (* , 

.V/10. 

Silver nitrate, A/iO. 

(iiiiii.). 

a - X, 


0 

28-5 



120 

27 3 

0-063 

W) 

25 '6 

0'06'J 

1260 

19'3 

0-059 

'21(10 

13-8 

0’057 

VOL. XCIX, 



Etli 

yl bromoacetate, 

A 710 . 

Silv 

cr nil rate, A 

7/20) 

< 0 -99. 

t (min.). 

a X. 


/jxlOh 

0 

29-6 



60 

-27 '5 


0-208 

180 

23-9 


0-20S 

360 

197 


0-207 

MIO 

8-0 


0-197 

Ethyl 

, broiiiopropl 

onate, A 710 . 

Silvf 

-r nitrate, A' 

7-20 X 

0-99. 

/. (min.). 

a X. 


I'xW. 

0 

Trl 



120 

26-0 


0-092 

360 

23 -2 


0-085 

1200 

16-2 


0 085 

2520 

9-7 


0 086 

Pilhyl broniobnty 

rate, 

A 71 O. 

Silver nitrate, A 

/20 .X 

0-99. 

t (min.). 

a - .t\ 


A xlOh 

0 

28 '45 



120 

27 65 


0-040 

300 

26-60 


0-03S 

1380 

'21 -55 


0-037 

28-20 

17-00 


0 035 

Ethyl 

bromo'/.s-evalerate 

, A 7 IO. 

Silver nitrate, A’ 

,'20 X 

0 - 99 . 

i (min.). 

f« - 


k X lOh 

0 

287 




ISO 

27-9 


0-026 

1140 

24-9 


0-0-2-2 

25S0 

2-2-1 


0-019 


H 



OS 
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In examining the above resiUts, it will be noticed that the con- 
centrations of silver nitrate corresponding with t=^0 are in some ^ 
cases considerably less than 30 c.c.^ which is the value for 12 cc 
of a A720-solution of silver nitrate. In these reactions, i = 0 is not 
the time of mixing the solutions, but corresponds with a somewliat 
later stage of the reaction, in order to eliminate the efiect of initial 
disturbances. 

Table II. 

Temperature 26'0°. 

Metliyl bivininorf'lale, A'/IO) « x from 2f)*3 to 25’0 . 

Silver uilviito, A 72 O / in 1275 luiuutes. 

Metliyl liiouio]ivo)iiouatc, iy/10\ a~x from 29'3 to 24*2 

Silvrr nitralo, A'/'iO j in 40S0 iiiinntL'S. 


A:x 10 -^ = 0 021 . 
^rxl 0^ = 0 -0086. 


Afctlnjl Alcohol ns Solvent, 
Table HI. 
Temperature 49'9‘^. 


llftliyl bromoocetotr, A'/IO. 
Silver iiitriito, A72O. 


t. 

a — ,//, 

7 .:xl 0 ' 

0 

2 G -0 



120 

22-35 

0'230 

300 

18-0 

0-230 

1260 

7-4 

0-217 

2700 

2 -.3 

0-217 


Ktliyl broinobiityrate, A 710 . 
Silver iiitrato, A 72 O. 


t. 

a ~ X. 

i-xlOt 

0 

27-7 


120 

26-4 

0-068 

300 

24-65 

0-068 

1380 

17-15 

0 066 

2820 

11-70 

C -062 


Solvent: 95 per cent. Alcohol hy Volume. 


Table IV. 


Alcthyl bromopropionate, 


T(!m])eratiiic 26 ' 0 ". 


L 

a ~ <T. 

hr. 10 -’ 

0 

27-8 


120 

25-5 

0 - 0:^:3 

420 

23-1 

0-079 

660 

20-8 

0-080 


V/10. Silver nitrate, V/20. 


Temperature 49 ’ 9 '’, 


f. 

u - .r. 

I: lOt 

0 



12G0 

27-45 

0-t)(j9C 

2640 

25-6 

0-Li0!':.{ 

4080 

23-9 

0-0093 


Solvent: 50 -per cent. Alcohol hy Volume. 


Table V. 


Mc tbyl bruTiioacetatc. A 71 (). 
Silv L-r liitratv, A 72 O. 
Temperature 26 '0\ 


i(nnn.). a-y. 

0 29-,'; 

1220 27-3 

tifl40 24'8 


/;xl0t 


O-OlO!) 

O'OlU 


K1 

by I liromoacetate, 

A 7 Ui. 


Silver nitrate, Nj'l 

:o. 


Temperature 49-9 


t {mill.) 

a- X. 

/.-xlOt 

0 

29-6 


120 

27-5 

0-103 

3fi0 

24-2 

0-097 
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Ithjl Alcohol with 50 fcr cent. Acetone, Chloroform, and Glycerol 
res'pectively as Solvents. 

Table VL 

Etliyl bromoacetate, Nj\Q. Silver nitrate, Nj^Q. TemjK-rature 49’9®. 

100 per cent, 50 per cent. .50 per cent, 50 per cent. 

^,,]vent. alcohol. acetone. chloroform. glycerol. 

ri.'aiKTcof 29-6 -8'0 ’29 -9 --17’0 29 '9 -20 '5 29 ‘O* -18T 

0-208 ~OT97 0'200- 0-166 0-148- 0-115 0-061- 0-048 

Finally, tie results of a series of experiments designed to liiid 
what proportion of the silver nitrate appears in the products as 
nitric acid is given in the accompanying table. A number of tubes 
containing ethyl bromopropionate and silver nitrate in absolute 
alcohol were placed in the same thermostat, and simiiltaneou.s 
titrations of the silver nitrate with thiocyanate and of the nitric 
acid with A /20-sodium hydroxide, using phenolphthalcin as indi- 
cator, were made. The results, referred to the same standard of 
concentration, are as follows : 


Table VII, 


t (min.) 

AgXOy used np. 

IIXOjj formrid. 

Ratio HNO,/Ag 

0 

0-0 

0-0 

__ 

120 

1-8 

0-9 

50 per cent. 

360 

4-5 

2-3 

51 „ 

660 

7-3 

3-6 

49 

1440 

15-2 

7-5 

49 


The figures show that within the limits of experimental error 
50 per cent, of the silver nitrate is changed to nitric acid, and the 
ratio remains constant throughout the reaction. It should be stated 
that o-wing to the presence of precipitated silver bromide, the end- 
point in titrating nitric acid wdth sodium hydroxide is not quite 
sharp, and a correction had to be applied. 

Summary and Discussion of Results. 

(1) iJencral Character of the Reactions . — The data quoted in 
tables I-— VII show that the reactions are represented fairly satis- 
factorily by an equation of the second order, although there is a 
slight tendency for the velocity-coefficients to diminish as the 
reactions proceed. In contrast to tlie behaviour of the acids {toe. 
‘'t),the nitric acid formed has only a sliglit retarding efi'ect, and 
tlie catalyt ic action of the precipitated silver bromide, which is so 
pioiioiinced in aqueous solution, is also relatively unimportant in 
alcoholic solution. ^ 

'Ihe effect of changing the solvent prcscuta several interesting 

VOL.XCiX. 


1 
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features. The ratio of the vclocity-coefficieiiis for methyl bromc^ 
propionate in 100 per cent., in 95 per cent., and in 50 per cent, ethyl 
alcohol (with water) is 73: 93: 37 (the last figure is not given in 
the tables), so that the addition of a Utile water accelerates the 
reaction, whilst a greater proportion retards it. A similar 
observation was made by Miss Burke and Donnan {Zeitsch, fhysilnl 
Chan. 1909, 69 , 163) for the reaction between silver nitrate and 
methyl iodide, but so far no plausible explanation of this behaviour 
has been suggested. It will be observed that in the mixtures with 
50 per cent, alcohol, there is a tendency for the coefficients to 
increase during the reaction. This is doubtless due to partial 
liydrolysis of the ester in the presence of nitric acid ; free broino- 
acetic acid reacts with silver nitrate rather more rapidly than tho 
corresponding ester (table VIII). 

The ratio of the initial velocity-coefficients with ethyl bromo 
acetate in 100 per cent, alcohol and in mixtures with 50 per cent, of 
acetone, chloroform, and glycerol respectively is 208 : 200 : 148 : 61 
(table VI). This is also the order of increasing viscosities of tho 
solvents, and it is probable that this is the chief factor concerned. 

In all cases, the reactions were found to proceed faster in methyl 
tliaii in ethyl alcohol (tables I and III). For methyl bromoacetate, 
the ratio is only 1'15; 1, but for ethyl bromobutyrate is about 
I'S: 1. Burke and Donnan obtained similar results with the alkyl 
'lialogcn compounds and silver nitrate, but express no opinion as to 
the reasons for this behaviour. It is probably also mainly a viscosity 
effect, the ratio of the viscosities of methyl and ethyl alcohol at 50^ 
being about 1 : 1'7. 

(2) Effect of Temperature of Reaction V elo cities . — From a com- 
parison of the data in tables I and IT, it is clear that an elevation 
of temperature from 26^ to 49'9^ increases the rate of reaction for 
both methyl bromoacetate and methyl bromopropionate about nine 
times, so that the ternperature-coefbcieiit for 10° is about 2’5. The 
same value is obtained for methyl bromopropionate in 95 per cent, 
alcohol. 

(3) Cmn'iiartHm of the ReacticiUj of Acids and Esters.— In a 
previous paper {Joe. cit.) the rate of reaction of the lower bronio 
siihstituted fatty acids with silver nitrate in aqueous solution has 
been measured. Since then the speed of the same reactions lias 
been measured in ethyl alcohol, and the results will be communicatod 
in a later paper. A complication arises in this case from the fact 
that the nitric acid formed in the course of the reaction exerts a 
very considerable retarding action, much more prouounced even 
than in aqueous solution (Senter, lac. dt., p. 351), and it is therefore 
difbcult to give a satisfactory velocity-coefficient for these reactions. 
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It ia, however, a matter of considerable interest to compare the 
reactivities of the acids and esters, and this is done in table VIII, 
tthere the velocity-coefficients for the acids are those very near the 
licginning of the reaction, before the nitric acid has accumulated 
to any great extent in the system. The coefficients in the accom- 
panying table are expressed in the same units as those used in the 
present paper, and were all determined under corresponding con- 
ditions at 26^^ : 

Table VIII. 



CIIsBr-COJI. 

ClIMeBr’CO.Jl. 

CHEtBi-t’O.JI. 




0-51 

18 

— in 

ethyl alcohol 


[8 0] 

[324] 


Z-xlO^ 


55 

250 in 

w.'Ltci 


[8-S] 

[830] 

[4000] 

„ 


CH2Br'C02Mc. 

CHMcBi-OOAre. 

CHEiBr'CO.Atf;. 




0-21 

O‘0S6 

0 "066 ill 

ethyl alcohol 


[3-3] 

[1-3] 

[1] 


The numbers in brackets represent the relative rates of the 
reactions referred to the slowest, that between methyl bromobutyrate 
and silver nitrate in ethyl alcohol, as unity. 

All examination of the table shows the interesting fact that the 
reactivities of bromoacetic acid and its methyl ester are of the 
same order in ethyl alcohol, bub wlien bromopropionic acid and 
its ester are compared, there is seen to be an enormous diflterenco 
in the speed with which the bromine is displaced. For reasons 
given in an earlier paper, however, it appears that the reactions of 
the brorao-substituted fatty acids with silver nitrate are abnormal, 
and cannot be compared with tlie corresponding reactions with the' 
esters. For the same reason, it is probable that most of the 
instances in the literature in which the relative reactivities of acids 
and esters are regarded merely as showing the effect of substituting 
a methyl group for a hydrogen atom, are of no value whatever from 
this point of view. 

(4) Relative Reactivities of the Esters in Ethyl A Zco/mf— The 
relative activities of tho esters, as expressed by the velocity- 
coefficients of the reactions with silver nitrate under corresponding 
conditions (table I), are summarised in table IX : 

Table IX. 


Eater. /(-xlO-*, 

Ethyl broinojwetate 0'20S 

,, a-broniQpi’oijionate O'OSo 

,, ot-l'romoisc'lutyrate 0-062 

„ o-bi'oniolmtyrate O'OSS 

,, a-bron]0?wviil(jrata 0-022 

Mt'thyl bromopropiouate o-077 

^'thyl H O'OS.5 

„ 0-087 

1 2 
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Theso results ma-y be summed up in the statement that, in a 
compound of the type K'CHBr-CO.R', tlie successive displacem^n 
of hydrogen 'in the group R by methyl groups lessens the reactivity 
of the bromine toivards silver nitrate, but, as regards the group R , 
the ethyl ester is rather more reactive than the methyl ester, while 
the roactivity of the ethyl and propyl esters is the same It is of 
interest to note that this order of reactivity of the ethyl esters of 
In-onio substituted acids exactly corresponds with that found by 
Re, Cher (Armahn, 18S5 . 228 , 257) for the saponification of the 
ethyl esters of the acids themselves by sodium hydroxide. This 
aeicement even extends to tbe relative reactivity of the butyric and 
,™l,i.tvric esters, although ethyl butyrate is saponified only a very 
Uttle less rapidly than ethyl ihilnityrate. Slater and Twiss (Trans., 
1909, 96 , 99) find that the reactivity of the bromo-suhstituted esters, 
measured ivith regard to sodium thiosulphate, is the same as that 
given in the present paper, with the exception that ethyl a-bromo- 
biityrate is considerably more reactive than the corresponding 


It appears justifiable to ascribe the relative reactivity m the above 
instances niaiuly to steric hindrance. The strength of the linking 
between bromine and the rest of the molecule is doubtless affected 
to some extent by substitution, but this influence is probably 
uco-ligible in comparison with the steric effect. 

As regards tlie effect of substitution in the group attached to the 
oxygen, ‘^Slater and Twiss iloc. clt.) and Clarke (Trans., 1910, 97 , 
4:16) also find by different methods that the bromine in ethyl hromo- 
acetato is more reactive tlian that in methyl bromoacetate. As tbe 
magnitude of the effect is not greatly beyond the limits of possible 
experimental error, the possibility was taken into account that the 
methyl ester might have been converted into the ethyl ester under 
the influence of the eth}"! alcohol used as solvent (compare Piirdie. 
Trans., 1885, 47 , 862; 1887, 51 , 627; 1888, 53 , 391), but the facts 
(1) that the ratio of the velocities for the two esters is independent 
of 'the time during which they remain dissolved in the alcohol before 
the reaction, and (2) that the ratio of the velocity-coefficients remains 
coustcant during tlie reaction, appear completely to dispose of this 


suggestion. 

further, it has to be remembered, in connexion with the 
relative magnitude of the effect, that ethyl bromoacetate is derived 
from the inetliyl compound by substitution in the 5-positiou 
with regard to the bromine, wiiereas ethyl hromopropionate i3 
derived from ethyl bromoacetate by substitution in the ^-position. 
The observations appear to be accounted for most satisfactorily on 
the* basis of the views as to the effect of substituents on the degree 
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of affinity developed by Fliirscheim (/. pr. Ghcm., 1905, [ii], 71, 
497 5 1907, 76,165,185). 

(5) Internal Mechanism of the ^Reactions , — As tie iota! effect is 
tl)e sum of two simulfaneous reactions, and the matter is therefore 
rather complicated, there is nothing to be gained by discussing the 
possible mechanism in detail at the present stage. As the order of 
reactivity of the esters with two such different substituents as silver 
nitrate and sodium thiosulphate is substantially the same, it appears 
probable that the reaction is one of direct substitution/ the place 
of the bromine removed by the silver being instantaneously taken 
I)y a hydroxy- or ethoxy-group. Euler (Ber,, 1906, 39 , 2726) has 
suggested that in reactions of this type complex ions, containing 
silver and halogen, play an important part, but there is no direct 
evidence in favour of this view, and it does nob appear to present 
any advantage over that of direct substitution. 

In conclusion, I desire to express my most sincere thanks to 
Mr. T. J- Ward, of St, Mary's Hospital IModical School, for valuable 
assistance in the experimental part of the work, and also to the 
Research Fund Committee of the Chemical Society for a grant 
which has defrayed most of the expense of the investigation. 

CURMICAL DlU'Alt't'M E^T, 

St. Mary’s IIospitac MnnicAr Scuool, W. 
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By Catu- G-ustav Sc hw' alee and Salomon Wolef. 

The object of this research was to prepare mercaptans of carbazolo 
with the intention of converting them into snlphide dyes. For this 
purpose we have investigated several possible methods of pre- 
paration, but in most cases have found that, instead of obtaining 
the required mercaptan, the derivatives employed were reconverted 
into carbazole itself. 

In the first place, we endeavoured to prepare carbazole mercaptan 
from 3-a.m in oca rbazoio by means of the diazo-reaction. This com- 
pound was diazotised arjd treated with copper powder and sulphurous 
find, and later also with copper thiocyanate paste. We were not 
suocc.ssful in isolating a mercaptan from the products of reduction, 
hut obtained instead carbazolo itself. We also proved that the 
latter is formed on boiling a solution of diazotised fi-aminocarb azole, 
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or by treating sucli a solution with cuprous chloride, according to 
Sandmeyer. 

Another possible method of preparing such mercaptans, namely 
by the reduction of the sulphonyl chlorides, cannot, in the case of 
carbazole, be applied, since the monosulphonic acids are at present 
unknown. We have, however, closely examined the reduction 
products of the di- and tri-sulphonic acids of carbazole, preparoj 
according to Schultz and Ilauenstein’s method (7. pr. Chem., 1907, 
[ii], 76, 336), but we have only obtained very small quantities of 
an impure substance with mercaptandike properties, although m 
have varied the experimental conditions in many ways. 

It was not improbable that monosulphonic acids of carbazole, on 
reduction, would behave dilTcrently from the disulphonic acids, and 
wc accordingly carried out a great number of different sulphonatin;; 
experiments, always obtaining, however, disulphonic acids, of whicli 
we identified two new isomer ides. 

Furthermore, if both nuclei in carbazole are symmetricallv 
sulphonated, it might be possible that, on introducing, for example, 
a nitro-group into one nucleus, the other nucleus would take up a 
single siilphonic acid group, and only a monosulphonic acid would 
be obtained. On reduction, diazotisation, and boiling with alcohol, 
such a nitrocarbazolemonosulphonic acid might be expected to yield 
a carb azolemon osulphonic acid. 

We accordingly sulphonated S-nitrocarb azole, but did not obtain 
a monosulphonic acid, so that this method also could not be used. 

Carbazole may b© synthetically prepared from phenylhenzo- 
triazoles according to Graebe and Ullmann {Annalen, 1896, 291, 
16), and we have attempted to apply a modification of this synthesis 
to the preparation of a monosulphonic acid by making use of 
r)-Tiitrodiphenylaminc-j7-sulphonic acid. This should be convertible 
into th© corresponding azimino-compound, and the latter into a 
carbazolemonosulphonic acid. AVe succeeded, in fact, in preparing 
l-plicnyl-l : 2: 3-benzotriazole-5-sulphonic acid, but, on heating it. 
obtained carbazole itself instead of the expected monosulphonic acid. 
It would therefore seem that at the high temperature of formation 
the monosulphonic acid of carbazole decomposes, with formation of 
carbazole. In further support of this, we have shown that on 
heating the salts of the disulphonic acids of carbazole at a higli 
temperature, carbazole is regenerated. Schultz and Hauen.?tein 
have also proved that the potassium salt of a disulphonic acid of 
carbazole, on being heated with potassium cyanide, gave rise lo 
carbazole. From these data it seems clear that certain of the 
carbazole derivatives show in their reactions a strong tendency 
regenerate carbazole, and that the ordinary transformations 
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Its-hicb occur readily in the benzene series do not here tahe 
place. 


Experimental. 

d-Aviinocariazole. 

Ruff and Stein (Ser., 1901, 34 , 1677) obtained 3-aininocarbazole 
ou reducing nitronitrosocarbazole witli stannous chlorido and hydro- 
chloric acid. We modilied this method by using technical sodium 
sulphide. Nitronitrosocarbazole is mixed with 10 parts of 96 per 
cent, alcohol, and to this mixture 10 parts of concentrated sodium 
sulphide solution are added. A deep red coloration is produced, 
and the mixture has an ammoniacal odour. The product is heated 
on the water-bath until a sample of the mixture no longer gives a 
red colour with aqueous sodium sulphide. As intermediate product, 
a, substance, melting at 210°, was isolated, which was probably 
identical with nitrocarbazole. The methods described in D.K.-P. 
122852 and 134983, and also that recommended by Ziersch (Z?er., 
1909, 42, 3797), namely, reduction with sodium hyposulphite, led, in 
3ur experiments, to less pure products. 


Carhazoledisidj)honic A cids. 

Schultz and Ilaiienstein heated carb azole with the quantity of 
mcontrated sulphuric acid necessary for the formation of a mono- 
mlphonic acid, at a temperature of from 70^ to 75° during six to 
icven hours. After conversion into the barium salt, these authors 
obtained a separation of crystals only after the concentrated solution 
had been kept for a long time, but the barium salt prepared by us 
crystallised out directly on cooling the solution, as a voluminous, 
colourless mass. On reconverting this barium salt into the 
potassium salt, and treating the latter with phosphorus penta- 
chloride, a disulphonyl chloride was obtained, which crystallised 
from acetone in colourless leaflets, and gave, with ammonia, unlike 
Schultz and Hauenstein's product, a dhul'plionamide, having no 
definite melting point. 

When heated under pressure with 48 per cent, sulphuric acid at 
120° or with water at 130°, the potassium salt of this acid gives 
rise to carb azole. 

The disulfhonyl chlonde gave on analysis : 

01488 gave 0T23 AgCl. Cl = 20*45, 

0‘1668 „ 0‘2058 BaS04. S = 16*92. 

CVH-O4NCI2S2 requires 01 = 19*50; S = 17*5S per cent. - 
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Analysis of the dmdfhonartmlc furnished the following numbers 

0-175VveO'2518 BaSO.^. S-19-76. 

0-148 16-5 c.c. N 2 at 21^ and 750 mm. N = 12-97. 

requires 19*69; N = 12*92 per cent. 

Carh azole is readily sulphonated on treatment with mono 
potassium disulphate, KH 3 (S 04 )o, at about 100°. The potassiun 
salt of the sulphonic acid formed proved to be a mixture of di- an( 
tri-sulphonic acids. 

Wc have also found that carbazole is easily sulphonated by 67 pe; 
cent, sulphuric acid. 

Ten grams of carbazole are heated with 50 c.c. of 67 per cent 
sulphuric acid at 115° for some hours, the mixture being stirred 
By this process a fairly soluble barium salt and a crystallim 
yofamum salt of carhazohdi&nlykonic acid are produced. TIk 
dwdyhoriyl chloride melts at 102°, reacts in the cold with ammonia 
giving a yellow coloration, and finally dissolves, but a disulphonamidf 
could not be obtained. 

On beating the potassium salt with 48 per cent, sulphuric acid 01 
with water under pressure, it remains unaltered, and in this respect 
also differs froiu the above-described disulphonic acid, wliicl: 
regenerates carbazole. 

On analysis of the 'potassium salt: 

0-1500 gave 0-1628 BaSO,. S = 15-20. 

0-1500 „ 0-1630 BaS04. S = 15-21. 

CjoH;OciS[SJv 2 requires S = 15-88 per cent. 

The dhulplionyl chloride -v\’as also analysed ; 

0-1520 gave 0-1218 AgCl. 01 = 19-83. 

0-1520 „ 0-1214 AgCl. 01 = 19-76. 

Cj^H^OjNCUS.t requires 01 = 19-50 per cent. 

Thus the existence of at least two isomeric disulphonic acids h 
shown by tliese experiments. The difference in properties exhibited 
by t.ho acid prepared by us by Schultz and Hauenstcin’s method 
cannot as yet bo satisfactorily explained. 

Sulph ovation of ?i-Nitrocarhazole, 

Five grams of 3-nitrocarbazole were heated with 25 c.c. of 67 per 
cent, sulpliuric acid at 130 — 140° until dissolved. After separation 
of a tarry by product, the filtrate was treated with barium carbonate, 
and a yellow, amorphous lanuin salt was isolated, which could not 
be obtained crystalline : 

0-928 gave 0-3832 BaSO^. Ba = 24-30. 

0-1554 ,, 0-1270 BaSO^. 8 = 11-22. 

CiAO^hsVS.Ba requires Ba = 26-95; S = 12'62 per cent. 
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These results indicate tlmt a, mixture of mono- and di-sutphonic 
■id is formea. ^ 

On reducing the nitrocarbazolesulphonic acid by Claisen's method 
small ‘l'>“ ‘tyjf ^ silver-grey potamum ^ aminocarhazohdl 
tlfhonaie was isolated : 

0-1436 gave 8-2 c.c. K at 22® and 747 mm. N-6'4. 
Cj2HgN20cS2K2 requires N-6‘7 per cent. 

\-Phenyl-\', 2: ^~-i(’^nzotrmzole-5-sulphonic Acid. ‘ 

Tins acid waa obtained by the diazotisation of o-aminodiphenvl- 
n,.nc-;i-suIphonic acid. The latter nas prepared by the a,cLn of 

Whno on }i-cliloro-m-nitro ienze„eanlphoaio acid, and reduction o 
lie omitrodiplienylammesulphonic acid formed 
o-Amiuodiphenylaminesulphonic acid is described in the literature 

On diazotisation a red solution was obtained, which did not 
lombme with phenols. On evaporation of this, a brown, amorph^ 

:u stance separated out. which, on being slightly heated n platinZ 
0.1, swells up and leaves a grey, iridescent ma.ss. On slowly heatino 

Ai.nrv ^ -^’^2 5) „ 7o7 mm. K = 14-13 

0*1488 „ 0'1090BaSOj. S = 10‘6. 

^.sHsOsNjS requires N = 15-27; S = ll-63 per cent. 

In'stu'ute pop. Organic Chemistry, 

Techkische Hochschule, Darmstadt. 


Derinutve, 

and Isomendes of 1 : 

By John Edward Purvis. 

*rahs!rpTion“oe!t“‘^^f J*-'' “ investigation on 

1^^10,97 ^ diketopyrroline compounds (Trans., 

rntroductio^o f, ~l^ur and absorption; 
■‘‘IcKihaiii produces no fund ^ 7i** aromatic 

•'«i-ption 131 pC f in the colour or the 

I . (3) the introduction of a metlioxy- or a niethylenedioxy' 
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group in an aromatic side-chain does not fundamentally alter th? 
colour or the corresponding absorptioUj hut another more refrangitif 
band is produced characteristic of each typo of radicle; (4) tts 
replacement of oxygen in a ketonic group by the ilST-NHPh group 
produces a change in the colour and the absorption, so that tw® 
hands are developed, the less refrangible on© being the stronger; 

(5) the replacement of both oxygen atoms and the estahlishmein 
of a plienazine ring is marked by a further change in the colouj 
from red to yellow, a decrease in the strength of the less refrangitlf 
band, and an increase in the strength of the more refrangible one; 

(6) the increased weight of the molecule shifts the position oi 
general absorption towards the more refrangible regions. 

That there is an intimate connexion between the absorption and 
the ketonic constitution is further shown from a consideration oi 
the following 1 : 2-diketo-A3 c^eZopentene compounds described b\ 
Ruhemann and Merrimaii (Trans,, 1905, 87 , 1383) and h. 
Ruhemann (Trans., 1909, 95 , 984, 1603; 1910, 97 , 462, Hasj 
From chemical considerations, the authors ascribed the foUowiuj 
constitutional formulae to the various compounds : 

1 : 2-l)iketo-5-acetyl'3-phenyl-4-methyl-A^-c^c^of)entene, 


CO — CO. 


rod. 


. C(:noh)‘Co. 

The corresponding oxime, i ^CHAc, orange-yellow. 

OxT II O A 


The corresponding phenylhydrazone, 
yellow. 


C(:N-NHPh)-CO 

CPh:-..— 


, C{ONa)’CU ,, 

Ibe sodium compound, 1 1 >CAc, blue. 

Ox n O-Mb 


The isophenazine derivative, ^ raspberry -ivi] 

Solutions of these substances in milligram-molecules by weidv 
in cold absolute alcohol have been investigated in the usual way 
For example, A/lOO-soliibion means that one milligram-molecule b; 
weight of the substance w^as dissolved in 100 c.c. of cold absolut 
alcohol; a A/ 1000-solution means that one milligram-molecule b; 
weight of the substance was dissolved in 1000 c.c. of cold absoluti 
alcohol. 

The red 1 ; 2-diketo-5-acetyl-3-phenyl-4-methyl-A^-cyc?openlcnc ii 
A/ 100-alcoholic solution was examined through various thicknesse 
of the solution, ranging from 3 mm. to 45 mm., but no band va 
^)served. The positions where general absorption began thiougl 
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following tliiclcnesses expressed in Angstrutn’s units and in 
icillation frequencies were : 


,3 mm. thicknos.s 

3850 

2596 

6 „ 

3920 

2f.50 

9 „ 

5000 

1999 

12 „ 

5320 

1879 

30 „ ,, 

5450 

1833 

45 „ 

5450 

1833 


Tlic iV/ 100-solution was then diluted with absolute alcohol, so 
fiat 1000 c.c. contained one milligram-inolecule by weight, or 
lOOO'Strength. This solution was examined, and a band became 
ppai'ont through 2 mm. thickness. The positions where general 
bsmptioii began through greater thicknesses are also noted in the 
oUowing table : 

2 mm. thickness band between X 3250 and x 2S20 

\ 

X A 

9 „ >) general absorption began at 3490 2SG4 

30 ,, ,, ,, ,, ,, ,, 3830 2609 

The i\7^0^0'^lcobolic solution was tlien diluted with alcohol, so 
hat the solution contained one milligram-moleculo in 10,000 c.c, 
tlisolute alcohol, and on examining this A" / 10,000-solution the band 
n the ultra-violet was better marked, and the absorption curve 
las been drawn (Fig. 1, 1). The head of the band is at about 3325 
'oscillation frequencies). 

A A/ 10,000-solution of the yellow-coloured oxime of diketoacetyl- 
)benylraethylcyc^opeiiteiie w^as also examined, and it exhibited no 
band through the following thicknesses. The following numbers 
give the positions where general absorption began: 


2 mm, thickness 

2180 

4586 

4 » 

2270 

4403 

10 „ „ 

2520 

3965 

20 „ „ 

2780 

3595 

30 ,, 

2S90 

3459 


but on examining a .A/lOOO-Bolution of the oxime a strong band 
ftas exhibited, the absorption curve of which has been drawn, and 
tlie head of which is at about 2470 (oscillation frequencies) (Fig. 1, 

A A'/ 10,000-solution of the yellow phenylhydrazone of diketo- 
phenjlmethylacetylcycfopentene was also examined, but no band 
I'as exhibited through the following thicknesses, and the numbers 
epreseiit the positions where general absorption began; 
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1 


A \ 

4 mir.. tUickiiess 1^380 4199 

8 , ,, 2f;P0 3859 

2/70 3608 

94 ” 2850 3506 

” ’’ 3030 3246 


On examining a 3'/ 1000-solution, however, a band was developf 
the curve of which has been drawn (Fig. 1, III). The head of t 

Fjo. 1. 


(ka il la f ioii frequencies. 



> I. Alcejhohc solution of 1 ; 2^<likcto-h-aedyl-Z'i‘ihe'iiylA-mcthyhJii^-(i'^o\e\pcnto\‘'. 
n. ,j ,, thcsQiUunieowj){)UMlof\:2-diketo-b-acctyk'i-‘phemil- 

4 - vitihyl ■ A'‘- c V eld p' li toe 

111 ' .5 ,, ,, phennihpdrazQne of ,, ,, ,, 

l^b ,, ,, ,, oxime if „ ,, ,, ,, 

IWnxem ^^ohiiwn of 

band is at about 2T00 (oscillation frequencies). It may be mcD' 
tioncd here that liydroxylaminc hydrochloride shows no bauds in 
the ultra-violet (Hartley and Dobbie, Trans., 1900, 77 , 31Sj. and 
the author lias shown that solutions of phcnylhydraziiie exhibit no 
J;ands (Trans., 1910, 97 , 2540). 

As exhibited from the above numbers, the red colour of tte 
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o,diketocyc?opentene compound is produced by a general absorp- 
>n of the yellow, blue, green, and violet rays well in the visible 
ectruni, and only in the A j 10,000-solution is there a band apparent 
the ultra-violet regions. In the red diketonic pyrroline before 
isciibed (loc, there is a band which is between the regions 

the visible and the invisible spectrum. The corresponding 
/10,000-solutions of the oxime and of the phenylhydrazone of the 
: iJ-diketorj/tffopentene compound do not show bands through 
^ual thicknesses; but in each case a band is apparent in the less 
(frangible regions. The band of the heavier phenylhydrazone has 
greater shift towards the more refrangible regions, and this 
beiioiiieuon is comparable with similar phenomena observed in the 
iketopyrrolinc derivatives (loc. cit.). 

The effect of sodium hydroxide on the 1 : 2-dikctocycZopentene 
jiiipouiid was shown by Ruhemann (/oc. cit.^ to change the colour 
:cm red to blue. In this blue compound, and in the wophenazine 
eiivative, Ruhemann suggested that the positional linking of the 
,iig is different from the others, and as indicated in the con- 
;itutional formulse on p, 108. On examining and comparing the 
lue solution produced by adding one drop of sodium hydroxide to 
jhe red solution of the 1 : 2-diketocyc/opentcne compound, the 
[hange in colour was accompanied by the production of a narrower 
|nd more persistent band in the ultra-violet, and a greater shift 
pwards the less refrangible regions (Fig. 1, II). Its head is at 
[bout 30S0 (oscillation frequencies). A A' / lOO-solution of the bluc- 
loloiired solution was also examined, hut no other band was 
fbserved, and the positions where general absorption began through 
Ihc following thicknesses 'were : 


3 mm. thickness 

12 „ 

15 „ 

18 „ 


I 

A A 

1020 ‘2187 

Xo rays were traiisnulted, 
for the panchroioatie plates 
Contained no images of any 
])art of the spectrum, 


I bat is to say, the blue colour was produced by a general 
tbsorption of the red and yellow rays, accompanied by a narrowing 
the band in the ultra-violet. 

In the fA'ophenazine raspberry-red derivative, wltere both the 
|s}gen atoms in the ketonic groups are replaced, and where 
Ku lemanii suggests a positional change in the valencies of the 
'ydopentcue nucleus, a large baud is exliibited in J/TOOO-solutioii 
n benzene (the substance is insoluble in alcohol). The absorption 
II c cf tliis band has been drawn (Fig. 1, V), and corresponds 
«lb the purple colour. Its head is at about 1800 (oscillation 
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frequencies), xf /30,000-SoliUions of tlie substance were abo 
examined, but no other bands became apparent, and benzene itself 
through 2 ram, thickness absorbs the light beyond A 3010. The 
positions where general absorption began in the i^/ 10,000-solution 



A 

A 

2 ram. tluckiics.s 

3010 

3320 

10 ,, „ 

3290 

3038 

20 „ o 

3580 

2791 

30 ,, „ 

3720 

2687 


It is important to compare the 'bands of the phenylhydraxone and 
the wophenazine derivative of tJie diketocyefopentene with the 
corresponding derivatives of the diketopyrroline {loc. cit,}. In the 
latter substance there is a second more refrangible band produced 
wliicli IS absent in the former. It follows from this comparison 
that the absorption is conditioned, not only by the diketonic struc- 
ture, but also by the type of ring in which the structure occurs. 
The diketonic structure means the production of a striking colour, 
and the colour and selective absorption are altered when the oxygen 
atoms are replaced in the ketonic radicles by oxime and phcnyl- 
hydrazine radicles, The ab.sorption is also modified in different 
directions of the spectral regions a,ccording to the type of nucleus 
and the substit'uted radicles, as well as hy alterations in the posi- 


tional valencies of the atoms of the ring. 

Other substances described by Ruliemanii and Merriman (Joe. 
cit.) have also been examined. The formulas ascribed to these 
compounds from chemical considerations are : 


CO — CO, 
CriiiCMe 


>CHAc 


CMe^^ 


1 : 2-I)iketo-5-ncetyl-3- 
jitcTiyI-4-]iietliyl-A'*- 
(v/ci/opentene, red. 

A. 

{Described above,) 


3- Acetyl - 1 • plicnyl - 4 - 
methyl ■ 1 ; 3 - c't/r?obuta- 
di('m.'-2-i’arbo.\y]ic acid, 
colourless. 

JJ. 


C(CHPh)-CO 

0 


4-I{eto-3-acetyl-5-ben- 
zylide.ue-2- luetbyl -di- 
hydro I'u ran, light vcllow. 
0 . 


CO““C*OAc 

I 1 1 II 

CgH^-C'CMe. 
Imlone - qieio- 
luethylacc'to • 
ethylene, 
rcddi.di]in'\vn, 
IK 


The .substances A, B, and G are isomeric compounds. Tlie 
absorption curve for A, tlie 1: 2-diketo-A'^-c^cfopentene compmmd, 
has been already drawn (Fig. 1, I) and discussed in relation toils 
derivatives. 


» The colourless substance B, S-acetyl-l-phenyl-A-methyl-i : 3-c^do‘ 
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|>utadiene-2-carboxyIic acid, wliich does not possess a ketonic struc- 
ure, was examined m various strengths of alcoholic solutions and 
L V 1000-solution exhibited a weak band in the ultra-violet the 
turve of which has been drawn (Fig. 2, I). It is interesting to 
tiotc that the position of this band, whose head is at 3300, coincides 


Fig. 2. 


Oscillatwri frequencies^. 





1 .r' ^ ^ 2-diketooyc;opentene compound itself, and 

s SL ‘^7100-Soh,tions were 

tioube-dus in V/100 ^bsorp- 

e^ms m A /100-solution of the substance B are; 
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2 nun. thickness band between A 3140 and \ 2820 

A A 


10 „ 
20 „ 
30 ,, 
40 ,, 
50 „ 


general absoTjttioii began 

8280 

3320 

3330 

3345 

3350 

3047 

3104 

3002 

2989 

2983 

60 „ 

,, 

M n 

8360 

2976 


/1 0,000- Alcoholic solutions of the substance B were also 
examined, but no band was observed, and the positions where 
general absorption began were : 

1 

A A 


2 inni, thickness 

2190 

4564 

10 „ 

2345 

4263 

20 ,, 

2500 

3997 

30 ,, „ 

2535 

3943 


The yellow compound C, 4-kcto-3-acetyl-5-benzylidene-2-methyldi- 

hydrofuran, a-ketonic substance, in A/ 10,000-solution exhibited a 
band the curve of wdiich has been drawn (Fig. 2, II). The head 
of the band is at about 2900, and it is different in position, in 
intensity, and in persistence from tho bands of either A or B. In 
iV/ 100-solution of C there was no band, and the positions where 
general absorption began w’ere : 


A A 


2 inm. tlilekness 

2800 

2631 

10 ,, 

3940 

2537 

20 „ 

4050 

2468 

^0 „ 

4039 

2474 


In A/lOOO-soIuiion of C there was the above band observed 
through 2 mm. thickness, and the positions where general absorption 
began through greater thicknesses were; 

1 
A 

2637 
2739 

Tlie reddish-brown substance /I, indone cyc^omethylacetoethylenc, 
a ketonic compound to w'hich a double ring formula has been 
ascribed, exhibits two bands. A A / lOO-solution shows a band the 
head of which is at about 1/A 2260 (Fig. 2, III); and a *V/10,000- 
solulion exhibits another band the head of which is at about 
1/A 3780. It is evident, therefore, that these two bauds 
distinguish it from the substances A, B, and C, in that it 
has two bands w’hilst the others have one. The production of the 
two lings means the iu'oductioii of two absorption bands, the baud 


2 iimi. thickness biuid between A 3670 and A 2900 

A 

10 ,, ,, general absorption begins at 3790 

20 „ ,, ,, ,, „ ,, mo 
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-t 3780 corresponding with the ring and the band at 

■~C’C” 

2^60 corresponding with the ring 

Tlie colour of both the compounds G and D, like that of A, are 
produced by a general absorption of the rays well in the visible 
ipectrum, A being red, C being light yellow, and D being reddish- 
jrowD. 

General C onclusions. ' 

. It is clear from a comparison of these observations and of those 
of the 2 : 3-diketopyrrolines {loc. cit.) that (1) the colour is deter- 
nuTied primarily by the presence of either a monoketonic or a 
diketouic structure ; (2) the absorption in the more refrangible 

regions of the monoketonic compounds is further determined by the 
type of ring in which the ketonic structure occurs; (3) in the 
1 ; 2 diketonic eyeZopentene compounds, the colour is modified in 
the direction of the more refrangible regions by the introduction 
of an oximo- or of a IN'NHPh group, a result precisely analogous 
to that which has been previously observed in the 2: 3-diketo- 
pyirolines; (4) in the 1; 2-diketonic n/eZopentene compounds, the 
absorption in the ultra-violet of the phenylhydrazone or of the 
lisoplienazine derivative is wholly different from that of the corre- 
sponding substances derived from the 2 : 3-diketopyrroliues ; and 
(5) the difference in the isophenazine compound may be explained 
partly as tho result of an alteration in the positional valencies of the 
ring, as suggested by Ruhemann (loc. cit.). The explanation also 
applies to tho blue sodium compound of tho 1 : 2-diketocycZo> 
pentene. In the isophenazine compound, the absorption is not 
moved in the direction of the more refrangible rays like that which 
occurs in the ph enable obtained from the dikctopyrroline. 
Further, as regards the blue sodium compound of the 1 : 2-diketo- 
f^/fZopentene, besides the change in colour from red to blue, tlie 
baud in the ultra-violet becomes narrower and more persistent, and 
is shifted towards the more refrangible end of the spectrum. 

My thanks are due to the Government Grant Committee of the 
fioyal Society, by whose assistance the spectroscope was purchased, 
and to Dr. Ruhemann for specimens of the pure substances. 

UxiVKUSlTY Chi:m.ical Laboraioky, 

Cambridge. 
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AND ISOMER, DES OF ] : 2-DIKET0-A3.CVCE0PENTENE. US 

3780 corresponding with the ring C,H,<, .nd the band at 
2260 corresponding with the ring 

The colour of both the compounds G and 5, like that of A are 
produced by a general absorption of the rays well in the v4it e 
spectrum, .4 being red, C being light yellow, and D being reddiS 
brown. ® 

General Condmion^. 

It ^l^r from a comparison of these observations and of those 
of the 2: 3-d.ketopyrrohues (foe. cit.) that (1) the colour is deter 
mined primarily by the presence of either a monoketonic or a 
diketonic structure; (2) the absorption in the more refrangible 
regions of the monoketonic compounds is further determined by ^ 
ype of ring in which the ketonic structure occurs; (3) in^he 

2-dike onic eye opentene compounds, the colour is modified L 
t e direction of niore refrangible regions by the introduction 
of an oximo- or of a N-NHPh group, a result precisely analogouC 
to that which has been previously observed in the 2 : 3*diketo- 
pyrrclines; (4) in the 1 : 2-diketonic eye/opentene compounds the 
absorption in the ultra-violet of the phenylliydra^one or of he 
««phcnasine derivative is wholly different from that of the orre 

spading substances derived from the 2: 3-diketopyrrolineC- aid 
<3; ho difference in the tsoplienazine compound may be explained 
partly as the result of an alteration in the positional valenc es f tte 
nug as suggested by Ruhemann (/or, cit.). The exolaCaUon a, 
applies to the blue sodium compound of the 12^ 
pentene. In the isophenaziue compound the at e 

occurs in the pheuazine obtained from the R I e 
Further as regards the blue sodium compound of the i°^ ^aTkCtC: 

Kuhemaua for specimens of the pure substances 
UmvaasiTv Chsmicai. Laboratokt, 

CambRIDcj^. ’ 


xcix, 
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NEOGI AND ADBICARY : 


JIY.—Prepciration of Ammonium Nitrite hij the 
Sublimation in a Vacuum of a Mixture oj 
Ammonium CJilovidc and Alkali Nitrites, 

By Panchanan Neogt, M.A., and Bikendra Bhusan Adhicary, M.A. 

Ray (Trans., 1909, 95 , 345) lias recently shown that solid ammonium 
nitrite sublimes in small quantities with decomposition w^hen a 
dilute solution {0'7 to 2-0 per cent.) of the salt, obtained by the 
double decomposition of silver or barium nitrite and ammoniuia 
chloride or sulphate respectively, is gently heated in a vacuum. 
We have now found that the salt may be obtained in fairly large 
quantities by evaporating and subliming in a vacuum a very con- 
centrated solution of a mixture of ammonium chloride and sodium 
or potassium nitrite. 

Experimental. 

The apparatus employed is as follows. A distilling flask of fairly 
large capacity is connected wdth a condenser, to the other end of 
which are attached two filtering flasks connected with each other 
by means of pressure tubing, and immersed in cold water. The 
first serves as a receiver, and the second, which contains a quantity 
of concentrated sulphuric' acid, is connected with a manometer and 
a Geryk pump. The flask is heated in a water- or, better, paraffin- 
bath. 

Twenty-three grams of ammonium chloride and 35 grams of 
sodium nitrite (or 42 grams of potassium nitrite) were dissolved in 
the minimum quantity of cold water, the solution transferred to 
the distilling flask, the latter connected with a condenser, and the 
Geryk pump set to w^ork. The flask was immersed in a paraffin-batl] 
up to the portion containing tho solution, and the temperature of 
■the hath was maintained bet'ween 50° and 60°. Water distilled 
with gentle frothing, hut without bumping. Considerable bumping, 
however, lakes place if a naked flame is used instead of a bath. The 
filtering flasks dipped in cold water arrested any escaping moisture, 
which would otherwise enter the pump and condense in the 
manometer. When a certain concentration was reached, minute 
bubbles of gas were evolved, and the mercury column descended 
slightly. The pump was worked from time to time to maintain the 
vacuum. Special care should be taken at the time when the 
just becomes solid. At this point the temperature should not be 
raised above 60°, and the pump should be constantly worked, a-s 
otherwise the W'holo of the nitrite would decompose with almost 
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explosive violence. When once the mass has solidified and become 
perfectly quiescent, the liability of the nitrite to decompose is almost 
removed. The temperature of the bath was then gradually raised 
to nitrite began to sublime.*^ The flask was 

gradually lowered into the bath as the sublimate rose higher and 
higher, until the whole mass was collected as a thick, circular crust 
fit the top of the bulb of the flask. The bath was then removed, 
aud air was admitted, not by opening the screw in the pump (as 
in that case the moist air would dissolve the whole quantity of 
the extremely hygroscopic nitrite formed), but by gently opening 
the cork of the flask. The bottom of the latter was then broken, 
and the solid mass quickly scraped oh with a spatula. The sub- 
stauce was so very deliquescent that it was difficult to remove the 
whole quantity of the salt obtained. A considerable portion of the 
salt decomposed, and a part escaped into the condenser with the 
steam. The liquid collected in the receiver contained much 
ammonium nitrite as well as a small quantity of the chloride. 

The liquid in the receiver was transferred to the distilling flask, 
and evaporated in a vacuum as before. A second crop of the 
nitrite sublimed, and was collected. 


A nalym. 

The substance obtained consists of fine flakes, and is extremely 
hygroscopic. It liberates iodine copiously when treated with 
potassium iodide solution acidified with dilute hydrochloric acid. 
When silver nitrate solution is added to the solution of the sub- 
stance, a crystalline precipitate of silver nitrite is obtained, wffiich 
dissolves in hot water, leaving in some cases a faint opalescence. 
That the substance does not contain any ammonium nitrate is shown 
hy the fact that the amount of nitrogen yielded bv the urea 
method is identical with that of the nitric oxide obtained by the 
Trum-Frankland method. The “ ammonia ” nitrogen in the salt, as 
estimated by the Kessler test, bears the ratio of 1:1 to the' 
nitrogen in the. acid radicle. The substance is therefore proved to 
be pure ammonium nitrite. 

The salt may be kept undecomposed in an ordinary desiccator 
over concentrated sulnhuric acid or in sealed tubes. If kept in a 
vacuum desiccator, the salt vaporises, and within two or three days 
the greater part is lost, and the odour of nitrous fumes, formed by 
the action of the sulphuric acid on the vaporised nitrite, is perceived 
on opening the desiccator. 


to anmioinum chloride connmmeed 

quantities when the temperatui'e of the bath was above 140* 
1 the pressure was between 10 ami 20 min. 


K 2 
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Ammonium nitrite volatilises in steam. ^ solution of tk ,dl 
was placed in a distilling flask, and steam admitted into it Re 
pump i^as worked, and after some time the distillate was tested, 
Len appreciable quantities of ammonium nitnte were found in it 
We confirm Ray’s observation {loc. ctt.) that the re-sublimed salt 
does not explode on heating, although, as ah^ady poiuted out, the 
salt sometimes decomposes with almost explosive violence as its 
concentrated solnlion just becomes solid. 


Vapotir nemity of Amimninm Nitrite. 

The nucstion whether the sublini.ation of ammonium nitrite is 
rcaliv .1 case of .siiblimalion or dissociation was left open by Bay 
(foe eit ). In order to decide the point, we determined the vapour 
deniity of the salt according to Ilofmanii’s method. Using, ehloro. 
form vapour to heat the Hofmann tube, it was found that the solid 
substance was only partly vaporised, and with ethyl alcohol, also, 
it was found that some portion of the substance still remained solid. 
At 100°, using steam, tlie density of the resulting gas was found to 
be 12-7.’ This result shows that at 100° the salt almost eiitirelj 
decomposes according to the usual equation, 

KH,KO;=N„ + 2H,0. 

2 vols. 4 vols. 

The decomposition juTording to the <above reaction, in wliidi one 
molecular proportion of aiimionium nil rite decomposes into ti,T 0 
volumes of nitrogen and four volumes of vmter vapour, would ghc 
the vapour density of aunnonium nitrite as 10' 6, the density actually 
obtained being 12‘7. 

ChKMICAI. liARUllATORY, liAJSHAHI Cf'LUiCF., 

U.\,ihhahi, Eastpuix Hknoal, Iniua. 


XV.— 0/1 ill- mid i\-A--m-Mfnlhenol{S) and (11- mi 
Menthadleiie. 

By Walter NoR^rAN Haworth (1851 Exhibition Scholar of 
Manchester University), William Henry Terkin, jun., and 
Otto Walla cii. 

In a paper published recently (Trans., 1910, 97, 1427), attentioo 
Vos directed to the difficulty of obtaining substances belonging to t e 
terpen e group, and especially the terpenes themselves, in a conditi® 
pure enough to allow of the accurate determination of their physics 
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rnoerties. Iq order that such substances may be characterised with 
the lea-s** probability of error, it was pointed out how desirable it was 
that they should, whenever possible, be prepared by two independent 
methods, so selected that there could be no doubt as to the constitution 
of the resulting product. 

If then, the two preparations of the substance are found to agree 
substantially in chemical and physical properties, it may be assumed 
that the values obtained correctly represent the characteristics of that 
substance. In the communication referred to, the sabstances studied 
were jo-menthenoI(8) and A^''^'^*-;?-m6nthadiene, 

CHMe<^g*rc™>C-CMe,-OH and 

CHMe<™2“™>r>ClIe:CH„, 


and the influence exerted by the proximity of the double Unking 
to the group >CMe./OH in the menthenol, and especially the high 
values resulting from the conjugated position of the double liukings in 
the case of the menthadiene, were discussed in some detail. 

Shortly afterwards Luff and Perkin (Trans., 1910, 97, 2147 ; 
compare ihid.y 1905, 87, 1099) described a method by which 
A3-m-montbeuol(8) and A'^®'''h/a-menthadiene, 






could bo obtained in much larger quantity tlian had previously been 
possible, and althuugh, so far, only this one method is available for 
the preparation of these substances, there can bo little doubt that 
they were so pure that tlio determination of their physical and other 
properties may be accepted as accurate. The present communication 
deals with the characteristics of A'-^a-menthenoLS) and 
menthadiene, 




cii.r 




and the results aro of special interest in view of the close relatiomsbip 
of these substances with the A^-isomerides just mentioned. 

Menthenol (8) and A‘'‘’''*^-wi-menthadiene were first obtained in 
1905 by Perkin and Tattersall (Trans., 87, 1101) from 1-methyI- 
c^c^ohexan'3-carboxylic acid (hexahydro*7;i-toluic acid), 

This acid was first converted into S bromo-i-methykycfohexan-S- 
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carboxylic acid, and then, by elimination of hydrogen bromide, into a 
mixture of 1 -methyl- and A3-cycZohexene-3’Carboxylic acids, 



of which the former (A-) is produced in by far the larger proportion. 
When the ester of 1 methyl-A“-cyc?oliexene-3-carboxylic acid was treated 
with magnesium methyl iodide, it yielded c^^-A'-wi-menthenol^S), which 
was decomposed by heating with potassium hydrogen sulphate whh 
the formation of d/-A-'®'®’-m-monthadiene. 

We have now modified the conditions of experiment, and, as the 
result, have been able to prepare these two d^substances in quantity 
sufficient to allow of their careful purification and examination, and 
their physical and chemical properties are sumamriscd in the table 
given on pp. 122, 123. 

A second method, similar in many ways to that employed in the 
ease of the synthesis of A3-jp-menthenol(8) and A^=®‘''*-p-menthadiene 
from 4-acetyl-l-methyl-A^-c?;c/ohexene (Perkin and Wallach, Tranp,, 
1910, 97, 1432), has led to the synthesis of the c^modifications of 
A2'm-menthenol(8) and A' "’''''*-??i-menthadiene. 

The starting point is d-l-methylcycZohexan-S-one, which, as Wallaeh 
has shown i^Anncihny 1896, 289, 337), is easily obtained in quantity 
by the hydrolysis of pulegone, and has [aj^ -l-12‘5°. Wallach and 
Evans {Annalen, 1908, 360, 51) had already observed that this 
ketone reacts with zinc and ethyl a-bromopropionate with the 
formation of ethyl 1 -methyl c;^c/ohexaa- 3 *ob3-a-propionate, 

In the present communication it is shown that l-methylcyc/ohexan- 
3'Ol'3-a-propionic acid is decomposed on distillation under ordinary 
pressures and in an atmosphere of hydrogen, with elimination of 
water and formation of lA-melhjl-^-etJnjlidenecyc\ohexariej 


which has [a]u -50°, reversal of rotation having taken place during 
its formation from d-l-ffiethylcy{7ohexan'3-one. This interesting 
hydrocarbon yields a nitroso-chhride (m. p. 114°) and a. 

(m. p. 102°), and, when oxidised by permanganate, it is converted into 
l-iMthyl'3-a-hydroxyetfiyhydohexan-Z-ol (p. 128), 
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““I The mtroso-chloride of 

/.l-methyl-d-ethylideneoyAhexane reacts readily when boiled with 
sodium acetate m acetic acd solution, with elimination of hydrogen 
chloride and formation of the oxime of d-S-acetyl-UmM-^^-oyL- 
tor, which melts at 79° and, when hydrolysed with mineral acids 
yields the ketone : 










-> CHMe<CH:CAc^pjj^ 

this distils at 212° and has [a]„ + 100'4° reversal of rotation' having 
again taken place. The action of sodium acetate and acetic acid on 
the nitroso-chlondo proceeds in another direction at 65° with senara 
tion of sodium chloride and formation of the oxime of S-acetox^-S-aLyl'. 
Uuthyhjchhexane, and this, when treated with dilute sulphuric acid 

jields a mixture of 3-noe<yM-nie%fcyclo/iemn.3-ol 5mcetvl-\. 

methyl- ^^-cycloh&xenQ : ^ 

CHMe<«a/q^Ac)^Me;rVOH)^^j^^ 

and 

(f3-Acetyl-l-methyl-A2-cyclohexene reacts readily with magnesium 
methyl iodide, and the resulting d- ^.^-xn-menthenol{% 

distils at 103-105722 mm., has [a]„ + 55'6° and yields a phenyl- 
urdhane, which melts at 124°; its constitution was controlled by 
Idijic add'" it found to yield a-methyl 

This menthenol is readily decomposed by shaking with dilute 

fornlnr “fl temperature, with loss of water and 

formation of d-^-^-m-7nenthadienef 

^ e^pin (l-Kiethyl-3-a-hydroxjisopropylo^c/ohexan-3-oI), 

«'3'rm tf from 

Cngnardigll j -th the 

e 0 find that the properties of d-A°’-»i-menthenol(8) and 
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rf.A^®'®>-m-meiithadien0 approximate very closely to,, if they do not. 
actually coincide with, those of the corresponding (^Msomerides.^ 

The careful consideration of the experimental results described in 
this communication shows that they confirm and amplify certain 
deductions as to the general behaviour and properties of menthenois 
and menthadienes which were discussed in some detail on a previous 
occasion (Perkin and Wallach, Trans., 1910, 97, 1427). A complete 
discussion of this interesting subject would take up too much space, 
but the following points may be briefly emphasised. 

A2_ and A3.^^i.;^renthonol(8) and A3-;>meiithenol(8) all contain the 

grouping ^C'CiMeo-OH, that is to say, they contain an ethenoid link- 
ing in direct conjunction with the ‘CMe.^'OH group, and the influence 
of this conjunction may be gathered from the following summary 
of the' more important physical and chemical properties of the {dl-) 
substances : 

I. A^-y;-^lenthenol(S), ^CMeo*OH. 

_CMe/OH 

TI. A“-7^^-Menthenol(S), Mc(^' 

OiMey-OH 

III. A^-7?i-MenthenoI(8), ^ 

IV. A^‘yj-i\renthenol(8), Me:^ ^CMe/OH. 

(Tcri)ineol.) 

Table I. 



1. 

II. 

III. 

IV, 

B, p 

-205" 

110700 mill. 

102714 mm. 

124730intu. 

M. p 

09 

— 


35“ 

(i 20/20“ 

0'921 

0-9281 

0-9268 

0-9.08 

??.„ 

1-4764 

1-4772 

1-4798 

1-4820 

M (calc. 47-16) 

47-2 

16-9 

47-10 

46*8 

p. of pheiiylurethaiie* 

12S“ 

127'^ 

130“ 

113“ 


* The pheuylui'cthanes liuve been aflded in orilcr to make the table more 
valuable for purposes of identitieatjoii, 


It is evident from this table that the approach of the ethenoid 
linking to the ‘CMe.^’OH group, whilst it has a tendency to cause a fall 
in boiling point, density, and refractive index, does not produce any 
very striking effect on the physical properties of the substance. 

When, however, the properties of the corresponding menthadienes 
are tabulated, it is at once obvious that the effect of the conjugated 

group ^C’CMeiCHg, or, in other words, the effect of the approacli 
of the ethenoid linking to the ’CSfelCHg group, is very marked. 
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numbers in table II refer to the following substances : 
j ^3s<9).^,]yjgnthadiene, Me<[^ ^CMeiCJIg. 

jr. i^-^'^' m-Menthadiene, Me<^ ^ 

CMeiCH^ 

iU. A**^'*' wi-Mentbadiene, Me<^ ^ 

jy, woL^;-]\Ienthadiene, ^OMeiCJI^. 

(Lirnoiierie) 


Table JI. 

I. 

a p 1S5° 

20 /20" 0 8,0 8 

1-4924 

M 46-0 

(Calc. 1=2:^ 4.5-24) 

The consideration of tliese figures brings out very clearly the fact 
that, in the cases I, II, and III, which are now available for com- 
parison, the effect of conjugation is to raise boiling point, density, and 
especially refractive index to a remarkable degree above the corospond- 
iog values of limonene (IV), but the position of the methyl group in 

relation to the group ^C'CMelCH^ does not appear to have any 


II. 

in. 

lY. 

182'" 

182“ 

176“ 

0-S624 

0-8609 

0-845 

1-5080 

1-4975 

1-4746 

46 ‘0 

46 '-3 

45-2 


distinct effect on these values. 

It has been repeatedly pointed out (compare Trans,, 1905, 87, 641) 
that menthadieaes containing conjugated ethenoid linkings have also 
well characterised chemical properties j they .are, for example, only 
capable of combining with two atoms of bromine or one molecule of 
hydrogen chloride, where|6 others, for example, limonene and carves- 
trene, in which the ethencOT linkings are not conjugated, yield additive 
compounds with four atoms of bromine and two molecules of hydrogen 
chloride. The effect of conjugation in the case of an o-menthadiene, 

*^®i-o-menthadieue, 

Me 

for example, on physical properties has still to be investigated, but, since 
ff has already been observed (Trans,, 1905, 87, 1077) that this terpene 
18 only capable of combining with two atoms of bromine, it is highly 
probable that, in physical properties also, it will exhibit a similar 
behaviour to that of the conjugated m- and ^-inenthadienes (I, II, and 
III) which have just been discussed. 


I 
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Experimental. 

The l.methyl<7yc?<?hexaD-3-carboxyUc acid required for these expen- 
ments was prepared essentially according to the method already 
described (Perkin and Tattersall, Trans,, 1903, 87, 1091), and then 

converted into S-broino-l-mothylcyc^ohoxan-S-carboxylic add in the 

following manner. The pure acid (50 grams) was treated with 
phosphorus pentachloride (76 grams), at first at the ordinary tempera* 
ture and then on the water-bath, and when conversion into 
the acid chloride was complete, bromine (60 grams) was added and the 
whole heated in a reflax apparatus on the water-bath for ten hours. 

The product was poured in a thin stream into alcohol (250 c.c.), and, 
after twenty-four hours, water was added, the bromo- ester extracted 
with ether, the ethereal solution well washed, very carefully dried, and 
evaporated. 

In order to convert the bromo-ester into the mixed esters of 1 -methyl- 
A2- and l-methyl-A'^-cyc^ohexcne-S-ciirboxylic acids, it was heated, in 
quantities of 30 grams, with five times its volume of diethylaniline in 
a reflux apparatus to boiling for five ho\irs. 

Sufficient dilute hydrochloric acid was then added to dissolve the 
diethylaniline, the ester extracted with ether, the ethereal solution 
washed with sodium carbonate, evaporated, and the residue fractionated, 
when almost the whole quantity passed over at 145 — 150°/ 100 mm. 

This was hydrolysed with excess of methyl-alcoholic potassium 
hydroxide on the water-hath, water was then added, the alcohol 
removed by evaporation, the acid precipitated by hydrochloric acid, 
extracted with ether, and distilled in steam* The steam distillate was 
boiled [with excess of freshly precipitated Jneium carbonate, filtered, 
the filtrate evaporated until long hairs began to separate, and then 
allowed to cool. The characteristic voluminous calcium salt was 
collected, together with further crops of the same salt obtained by 
concentrating the mother liquor. It was mentioned in the previous 
communication (^oc. cit.y p. 1096) that it is not easy to recrystalli^e 
this salt in the usual manner, and to get over this difficulty, 
the acid was regenerated from tlie salt by hyalrochloric acid, distilled 
in steam, and again converted into the calcium salt, in order to 
remove any traces of the -acid j this treatment was repeated three 
times. Lastly, the pure salt was decomposed, the acid extracted with 
ether, and distilled, when it boiled constantly at 150°/11 mm-i 
when cooled in a freezing mixture showed no signs of crystallising- 
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Oa tbe first occasion {loc. cit^ p, 1096) a email quantity of the pure 
^J-acid was isolated from the mother liquors of the calcium gait of the 
^2,acid, but, under the conditions described above, hardly any of this 
acid appears to be produced. The separation of the A^- and 
^s.fsomerides, which seems to be complete, was at first thought to 
depend on difference in solubility of the calcium salts ; that this is not 
the only reason, and that the separation depends also on the fact that 
the salt of the A^-acid is present in much the larger quantity than that 
of the isomeride, seems to be very probable. In order to test this 
point, the calcium salt of l-methyl-A'^-cyc/ohexene-S-carboxylic 
acid (m. p. 58— 60'^; compare Trans., 1910, 97, 2151) was prepared 
by boiling the acid with water and calcium carbonate. On con- 
centrating the solution, the calcium salt separated in needles and 
had a somewhat similar appearance to the calcium salt of the A^-acid, 
and there did not appear to be any striking difference in the relative 
solubilities of the two salts. The calcium salt of the A^-acid was 
collected, washed, and left on porous porcelain exposed to the air for 
ten days; it then yielded on analysis numbers which agree approxi- 
mately with those required by the formula (CgU^^02)2Ci^J5H20 : 

1-0038, dried at 130^ until constant, lost 0-2149 and yielded 0-3375 
CaSO^. Ca=9-S; H 2 O- 2 I- 4 . 

(CsHji02)2Ca,5H20 requires Ca = 9-8 ; Hfi = 22*1 per cent. 


dl-A^-m-d/e/'iMenoZ(S) and 6l-A~‘'^'^^-m-Mmihadiene, 


and CHAIe< 


CH:C(CMe:CH..Kp„ 
CH.2 


The following conditions give a more .satisfactory yield of 
A'-?n.-mentheiiol{8) than those originally employed {Trans., 1905, 
87, 1099). Ethyl l-methyl-A"-cyc^ohexene-3-carboxylate (20 grams) 
is added to an ethereal ^lution of magnesium methyl iodide (con- 
taining 10 grams of magnesium), the solution allowed to remain for 
two days, then mixed with water, and distilled in steam. The dis- 
tillate is extracted with ether, the ethereal solution dried over 
anhydrous sodium sulphate, evaporated, and the residue distilled 
under diminished pressure : 

0-1277 gave 0-3643 C'Og and 0-1349 Kp. C = 77‘8; H=ll-8. 

CjflHjgO requires C = 77-9 ; II - 1 1 - 7 per cent, 
dZ-A^-OT-MenthenoI(8) distils at llO^SO mm., and is a rather viscid, 
colourless oil, which possesses in a marked degree the pleasant odour 
of terpinool and menthol characteristic of substances of this class. 
The determination of its physical properties gave: d 20/20^ = 0'9281, 
Wp = l-4772, M = 46-9 (calc. 47*16), and it will be observed that 
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4;hese correspond closely with the values found in the case of 
d-A^-OT-nienthenol(8) (compare p. 130). 

The phenylureikane is readily obtained by mixing the menthenol 
with the calculated fiuantity of phenyl carbimide and leaving for 
several days ] the crystalline mass was drained on porous porceUiu 
and crystallised from dilute methyl alcohol : 

0-1016 gave 47 c.c. at 18“ and 755 mm. K=-5*3. 

requires N = 5-l per cent. 

This phmylurethane separates from methyl alcohol as a felted mass 
of long needles, and, when quickly heated, molts and decomposes at 
127“ That it has the same constitution as the phenylurethane of 

A^'?/r'mentheno]{8) is shown by the fact that the mixture of both 
melts at the same temperature as the constituents. 

-Tliis tcrpeiie is readily obtained by 
digesting A '-?a-meatheuol(S) with G per cent, oxalic acid in a reflux 
apparatus for six hours, and then distilling in steam. The distillate 
was extracted with ether, the ethereal solution dried, evaporated, and 
the ter pen 0 distilled three times over sodium : 

O'lOGl gave 0-3425 CO.^ and O'lUO H./). C-88‘0; 1I = 11’9. 

I'equircs C-88'2; H-ll'S per cent. 

d/-A'-^<"’-?«-Menthadiene distils at 182—1837770 mm„ and 
possesses a very pungent odour of lemons, quite distinct, however, 
from that of liuionenc ; it gives an iateuso methylene-blue coloration 
when a drop of sulpfiurie acid is added to its solution in acetic 
anhydride. 

The determination of the usual pliysleal propertie.s gave: 
d 20/20“=- 0-8G24, ?q, = l‘5030, l\l-4G G (calc. 45*24), and it will 
be seen that these agree closely with the values observed in the 
case of (i-A""‘^‘''’- 7 n-mcnthadiene (p. 131), it had already been shown 
{loc, cit., p. 1101) that the <^/-terpenc is only capable of combining 
with two atoms of bromine, and we have now found that it yields 
an additive derivative with only 1 molecule of hydrogen chloride. 

l-MethijlGjc\oke:’Xcn-3’Ol-‘6-a-propioniG Acidy 

CnMe<rg7-"( QHHCHMe.C(X H)^CH,. 

Tlie ester of thi.? acid was first prepared by Wallach and Evans 
{Annalen^ 1908, 360, 51) from (M-mcthyIc^c/ohexan-3-oiio (from 
pulegonc) by condensation with ethyl bromoacetate and zinc. In 
order to obtain the ester as pure as possible, the ketone was converted 
into the semicarbazone and this decomposed by mixing with dilute 

sulphuric acid and distilling in steam. During the hydrolysis of the 
ester by methyhalcoholic potassium hydroxide, some decomposition 
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with regeneration of a small quantity of the ketone was observed, and 
this was removed by the addition of water and extraction with ether^ 
The alkaline solution was acidified with dilute sulphuric acid, extracted 
with ether, the ethereal solution well washed, dried, and evaporated, 
and the residue left for a fortnight to crystallise. The crystals of 
^me%%clo/^em«-3-o^-3.a-p'^)/nor^^c acid after draining on porous 
porcelain, melted not quite sharply at 65° but, as the acid is 
very readily soluble in the usual organic solvents and consequently 
dilhcult to rocrystallise, it was used in this condition in all the 
subsequent experiments. 

Tno analysis of the .salt yielded the following result : 

0‘1905 gave 0-0637 A g. Ag = 334. 

CioIInOoAg requires Ag = 33-3 per cent. 


idl„ CIT„ 2* 


When l-meth3'lc^ci^ohexan-3 ol-:j-aq)ro|)ionic avid is heated under the 
ordinary pressure and in an atmosphea-e of hydrogen, it is readily 
decomposoil with elimination of water and carbon dioxide, and the 
above hydrocarbon distils over. The crude product is mixed with a little 
sodium hydroxide and distilled in steam,* the distillate is extracted 
with ether, and the hydrocarbon distilled sevei-al times over sodium, 
\-\ }hthylZ^ethylidenetyc\ohexane has the following physical pro- 
perties: b. p. 152°, d 19/19° 0 8135, n„ 1-4590, W 4^67 (calc 41-04) 
Wo -50° 

The nitroao^cJdorhle.—Thh derivative is prepared by mixing the 
hydrocarbon (10 c.c.) with glacial acetic acid (10 c.c.) and ethyl 
nitrite (10 c,c.), and adding from a dropping funnel, concentrated 
hydrochloric acid (5 c.c.) and glacial acetic acid (10 c.c.). After 
keeping for an hour, the nitroso-chloride is collected, washed with 
dilute alcohol or ether, left in contact with porous porcelain until dry, 
and then crystallised from acetone, from which it separates in colour- 
less prisms, melting at 1 14° : 

0*1200 gave 0*0916 xVgOI. Cl = 18-9. 

CgHn-PNCi requires C1-- 18 7. 

The nitrolpip^ridide, prepared from the nitroso-chloride by the 
action of piperidine, separates from methyl alcohol in colourless 
needles, and melts at 101— -iQoo. 


lutp gave 11-0 c.c. Ng at 21° and 744 mm. N = 1 
requires K- 11*8 per cent. 

Ihtj alkaline residue, on acidifying and extracting with ether, yields ! 

I and ini«iit;nT'3 + nrl hUlC.!-. 1.,^ 1. 


of f ^‘'idifying and extracting with ether, yields a mixtui 

suhwn ly^lroxj-aciil and unsatnratod ai,'id, wliitdi may be cniploved i 

sotsequent preparation of the hydrocarbon. 
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Oxidation of ll-Methyl-^-ethylideneeyclohexane to l-metht/l‘^-a~kydr. 
oxyetkylcyc\okexan-^-ol. — In carrying out this oxidation, the 
hydrocarbon (5 grams) was mixed with ice and mechanically shaken 
with a 1 per cent, solution of permanganate {12-7 grams KMnOj. 
When the product was distilled in steam, a small quantity of 
unchanged hydrocarbon passed over, but no trace of 1-methylcyc/o. 
hexan-S-oue could be detected, the absence of this ketone being 
probably due to the fact that it is more readily oxidised than the 
hydrocarbon. The filtrate and washings of the manganese precipitate 
were evaporated to a small bulk, extracted with chloroform,* the 
chloroform extract dried over potassium carbonate and evaporated, 
when a syrup remained which soon crystallised. After contact vrith 
porous porcelain, the substance was crystallised from water or light 
petroleum, and thus obtained in colourless, silky needles, meltiog 
at 68° : 

0-0918 gave 0-2288 COj and 0 0928 H,0. 0 = 68-0; H = 11'2. 

requires C = 68*3 ; H = 1 1 -3 per cent. 

When this glycol is digested with dilute sulphuric acid, it yields a 
ketone which appears to be 3-acetyl-l-methyl-A2-cyc?ohexene. 

d‘3-Aceiyl-l-melhyl-A^-cyclohexene, 

The oxime of this ketone is produced when the nitroso-chloride of 
M-methyl-3-ethylidenecyc?ohexane (10 grams) is mixed with anhydrous 
sodium acetate (10 grams) and glacial acetic acid (40 c.c.) and gently 
warmed with a small flame, and afterwards boiled for about tea minutes, 
during which, sodium chloride separates. The product is cooled, diluted 
with water, made alkaline with ammonia, and the crude oxime, which 
separates as a brown oil, extracted with ether. The ethereal solution 
is dried, evaporated, and the residue distilled under diminished pressure, 
when a colourless oil passes over at 140 — 150°/20 mm., which crystal- 
lises. After draining on porous porcelain, the oxime separated from 
ether or methyl alcohol in prisms melting at 79° : 

0-0672 gave 5-7 c.c. Ng at 22° and 741 mm. K = 9-3. 

Cgllj-ON requires N = 9 2 per cent. 

The benzoyl derivative was obtained by adding benzoyl chloride to 
the solution of the oxime in dilute sodium hydroxide, and crystallises 
from methyl alcohol in long needles melting at 85 — 86° : 

0-1095 gave 5-7 c.c. at 21° and 751 mm. N = 5'6. 

requires N = 5‘4 per cent. 

The aqueous solution yields, ou acidifying aud extracting with ether, ft 
mixture of methyladipic acids. 
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d-3'ice^yM'W«%^-A^cyc]oA«a:e7ie is obtained from the crude oxime, 
by mixing with dilute sulphuric acid and distilling in steam. 

The distillate is extracted with ether, the ethereal solution 
evaporated, and the crude ketone purified by conversion into the 
Kemkarbazone by means of semicarbazide hydrochloride and sodium 
acetate in the usual way. The crystalline mass thus obtained is a 
mixture of two semicarbazones, and is separated into its constituents 
by fractional crystallisation from alcohol. The les.s soluble constituent 
is the semicarbazone of cf-3-acetyl-l-methyl-A--cyc/ohexene and melts 

at nr' 

0'1046 gave 0-2365 CO,^ knd 0-0832 H.p. 0 = 61-6; H-8-7. 

requires C = 6 1 '5 ; K = 8-7 per cent. 

The more readily soluble constituent is the semiearbazone of 3-acetyl- 
l-methylcyc/ohexan'S-ol (m. p. 119°, p. 131). The semiearbazone of 
melting point 219'^ is decomposed with dilute sulphuric acid, and the 
ketone distilled in steam, extracted with ether, and fractionated under 
the ordinary pressure, when it boils constantly at 210 — 212°, and has 
an odour resembling that of menthone and cyclohexanone ; 

0-1331 gave 0'383I CO, and 0-12o2 IIA C-78-1; H = 10'4. 
requires C — 78 '2 ; H = 10-l percent. 

The physical properties of this ketone arc as follows: b. p. 
210-212° 22/22° 0'9413, 1-4817, M 41-77, [aj^ +100-4° and 

it is interesting to compare these values with the corresponding 
properties of 4-acetyl-l -methyl- A^-cyc^ohexene and 4-acetyl- 1-mebhyl- 
A^-cyc^ohexene, the properties of wliich have been tabulated in a 
previous paper (Trans., 1910, 97, 1432). It will also be observed 
that the rotation (-50°) of M-metbyl-3-ethylidenecyc/ohexane has 
become dextro ( + 100'4°) during the conversion into the ketone. 

d-^‘’-m-Afenthenol{S) aJid d^X- ^'^-'m-Menihadiene, 

In order to prepare the former of these substances, pure S-acetyl-l- 
methy Icy hexene was added to an excess of an ethereal solution of 
magnesium methyl iodide, and, after keeping for one hour and heating 
on the water-bath for one hour, the product was decomposed by water 
and distilled in steam. The distillate was extracted with ether, the 
ethereal solution dried over potassium carbonate, evaporated, and the 
colourless residue distilled under diminished pressure : 

0 0956 gave 0-2730 CO^ and 0-1017 11,0. C = 77-9; 11 = 11-8. 

CioHisO requires C « 77‘9 ; H = 1 1 - 7 per cent. 
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The physical properties of c^-A^-m-menthenoHS) are the following; 
b p 206-208^/760 l.or 103-105^22 mm., 22/22^ 0*923, 1*4728. 
M 47-21 (calc 47*16), [a]o +55*56^. The phenylurethane, prepared in 
the usual manner, separated from methyl alcohol in long, colourless 
needles, and melted at 124° A comparison of these properties with 
those of (Z/-A^-7n-menthenol(8) (p. 125) shows that, although the values 
are not identical, they correspond very closely. 


Oxidation of d A'2-m-d/c7r«/i«noZ(8) to a^Methyladipic Acid. 

In investigating this degradation, the menthenol (1-5 grams) was 
oxidised with a 2 per cent, solution of permanganate (4*2 pms) 
at O', and then any unchanged menthenol removed by distillation iu 
4eam, The filtrate and washings of the manganese precipitate were 
concentrated and extracted with ethyl acetate, hut only traces of a 
neutral substance (glycol) were left on evaporation. The alkaline 
.solution was acidified, several times extracted with ether, the ethereal 
solution dried and evaporated, when a solid acid remained, which 
proved to bo very dilhcult to crystallise. It was dissolved in dry 
ether and saturated with ammonia, when a crystalline salt separated, 
and by the addition of copper sulphate, this was converted into 
the blue copjier salt, which was collected, washed, and dissolved 
in dilute hydrochloric acid. After removing the copper by hydrogen 
sulphide, the filtrate was evaporated, and the concentrated solution 
kept over solid potassium hydroxide in a vacuum desiccator, when a 
solid acid remained, which separated from a mixture of benzene 
and light petroleum as a crystalline powder, melting at 65— 66t 
The silver salt was analysed : 

0'0370 gave 0 0212 Ag. Ag=:57'3. 

requires Ag-57'7 per cent. 

There can be no doubt that this acid is a-methyladipic acid, which 
Bone and Perkin (Trans., 1895, 67, 115) found to melt at 61° 
d-.^-'''-'m-.Umthadiene . — This terpeue is readily obtained when 
tZ-A-'OT'mentbenol(8), in quantities of 5 grams, is shaken mechanically 
with 500 c.c. of 1‘5 per cent, sulphuric acid for a week, and the 
product neutralised with sodium carbonate and distilled in steam.* 
The distillate is extracted with ether, the ethereal solution carefully 
dried, evaporated, and the liyclrocarbon distilled several times over 
sodium, when it boiled constantly at 181°/736 mm., and had an odour 
different from that of limonene, but somewhat resembling that of 
sylvestrene, The analysis and determination of the usual physical 

* The. residue in the steam distillation flask was concentrated and several timss 
extracted with ethyl acetate without, however, yielding a trace of the terpin. 
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constants gave the following results (compare the corresponding values 
0^ ^^^^■•2:^(‘'f-^'menbhadiene, p. 126): 

0-G953 gave 0*3084 CO^ and 0*1028 H^O. C = 88*2 ; H 12'0. 

CioHjg requires C = 88‘2 ; H = 11 ‘8 per cent. 

^17/17° 0-864, 1*4946, M 45-87 (calc. 45*24). [a]„ +64 0'^. 

The solution of theterpenein acetic anhydride gives, on the addition 
of sulphuric acid, an intense blue^violet coloration, which gradually 
changes to red. 

The (lihydTOcJdond& of t^-A^'^*'’^-?«-menthadiene is obtained when 
(;-A^-'m-menthonol(8), dissolved in three times its volume of glacial 
acetic acid, is cooled in a freezing mixture and saturated with hydrogen 
chloride. On keeping, an oil separates at the surface, and, after 
adding ice, the heavy oil is extracted with ether, the ethereal solution 
washed with sodium carbonate, dried, evaporated, and the residue 
distilled under diminished pressure, when it passes over at 110 — U5'7 
12 mm., slight loss of hydrogen chloride taking place during the 
distillation : 

0*1582 gave 0*1930 AgOI. Cl =-= 30*2. 

Cj(jH^ 3 Cl 2 requires 01 = 34’0 per cent. 

A-Z-Acetyl-X-methylcy^lohexan-'i-ol, 

and d-\-Meihyl-^-a-hydroyy\'^opropyli^'yiAoJiexan-'6-oly 

It ha.s already been stated (p, 12S) that the nitroso-chloride of 
/-l-niethyl'3'ethylidenecyc/ohexene is decomposed by boiling with 
sodium acetate and acetic acid for a few minutes with formation of the 
oxime of 3-acetyl-l-methyl‘A^-c//c^ohe\ene. If, instead of boiling, the 
mixture is kept at 65'^ for fifteen minutes, the reaction proceeds some- 
what differently, and, beside the above oxime, there is formed as the 
principal product the acetyl derivative of tlio oximo of S-acetyl-. 
l‘raethylcyc?(?hexene^3-ol, which is a viscid gum. This was hydrolysed 
by treatment with dilute sulphuric acid (2 per cent.) and distillation in 
steam, and the distillate yielded, on extraction with ether, an oil which 
was converted into the mixed semicarbazones of melting points 199^ 
and219'^by treatment with sodium acetate and semicarbazide hydro- 
chloride’(p. 129), These were separated by fractional crystallisation 
horn alcohol, and the semicdrlxizone of 6L-'^-aceiyl-\-methylo:yQ\ohe:mn- 
^•ol (m. p. 199°) was analysed : 

0'0938 gave 0*1946 CO 2 and 0*0768 TT.O. 0-56*5 ^ H-9-0. 

^ 10 ^ 39 ^ 2^3 requires C ~ 56*3 ; H = 8*9 per cent. 

the hydroxy-ketone is obtained from this semicarbazone by treat- 

V'OL. XCIX. L 
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ment with dilute sulphuric acid, and is readily decomposed by boiling 
with dilute acids with elimination of water and formation of 3 -acetyl 
l-methyl'A^-cyc/oliexene {p. 128), 

^A'Meihyl - 3 - a - hydroxy\^opropyh^dQhex<xn Z-ol is obtained when 
3 -acetyl-l-methyIcyc?oliexan- 3 -ol is treated with magnesium methyl 
iodide, but it is most conveniently prepared by treating the mixture 
of ketones, obtained as explained on p. 129, with this reagent. 

When the product is fractionated under diminished pressure, 
7 wmenthenol( 8 ) passes over first, and then a considerable quantity of 
a syrup distils at about 140''/23 mm., and, on cooling, solidifies. 

This substance was left in contact with porous porcelain until quite 
free from oil, and then crystallised from light petroleum ; 

0-1063 gave 0-2721 OOo and 0-U30 HjO. COCO'S; H = U- 8 . 

C 10 H 20 O 2 requires C-69-8 ; 3 = 11-6 per cent. 
dA'Methyl-^-a.-hydroxyi^opTQyylQydohexcm-'i-olTnA.i^ at 64'^, is readily 
soluble in water, and is an interesting substance, because it is the 
terpin corresponding with (i-A“'^''"-Ht-menthadiene, 
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XVL— Tk Dived Adion of Ro.dimn on Aramonm. 

By Edgar Philip Perman. 

Experiments liave been made by Ramsay (Trans., 1908, 93, 966), 
and more recently by Usher (Trans., 1910, 97, 389), on the decom- 
position of ammonia by radium emanation. I have now tried the 
effect of the direct action of radiiun bromide, as it seemed possihle 
that such experiments might facilitate the interpretation of the 
results obtained with the emanation. The apparatus employed con- 
sisted of two cylindrical bulbs, A, B, each of about 50 c.c. capacity, 
connected by capillary tubing, and a gauge tube, (7, of 5 mm. 
diameter. Five milligrams of pure radium bromide were placed 
in a glass capsule at the lower end of A , The whole apparatus vas 
then filled with ammonia through one of the side tubes, D, Et 
by repeated exhaustion and admission of ammonia. Mercury iias 
introduced into the gauge, and the side tube sealed off, leaving the 
gas in each bulb under the atmospheric pressure. The bulbs vere 
maintained at the same temperature by placing them in a dish ot 
water, the gauge alone projecting. A mirror scale was fixed behini 
the gauge, and readings were taken every few days. At first the 
pressure in A decreased, as found by Ramsay with the emanation; 
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this coutinued for aboiit five weeks, wiien a steady increase began. 
The pressures arc given in the following table; they are calculated 
from the readings of the gauge, and the volumes of the bulbs A, 
corrections being made for the volumes of the connecting tubes; 

PreHsnre in ImlU con- 


Time. 

AJ). 

tiiining radium. 

0 ilays 

O’O lum. 

7577 irmi. 


•0-a ,, 

756'9 ,, 

’ 1( '> ,, 

11 

7537 „ 


• ,, 

748'5 ,, 


-87 „ 

743-9 „ 


-7'0 „ 

745-4 ,, 


-r:\ ,, 

7.507 ,, 

t'l ,, 

- ‘a ) ) 

753-7 ,, 

10!' ,, 

-VO 1, 

755-2 „ 

l;51 ,, 

Q-d 

757 7 ,, 

]4r» ,, 

-!'Vr. ,, 

760--1 „ 

I'.lt 

■2-9 

7ti-'4 ,, 

177 ,. 

ti'7 

768-3 ,, 

101 ,, 

S'3 

770-8 „ 

'iur. ., 

117 

776-3 „ 


M-2 .. 

780-3 „ 


20-2 ,. 

7S9-9 ,, 

issi) 

:io-9 „ 

807-2 „ 

The first fall of pri 

essuve is probably due to tbe presence of a 

small quantity of air. 

Supposing 

this to be present, the radiations 

from the radium woui 

d decompose 

some of the ammonia, .and the 

liydrogcu would form 

water willi 

the oxygen of the air. When 


once the pressure luis ])egiui lo increase, it increases fairly regularly. 
This is shown l)v llio curve, wliicli is ncai'ly straiglit after the 
increase has begun. It is constructed from the numbers already 


given. 

Before attempting to interiiret these results, it was thought 
advisable to measure, if possible, Avlietlier there was any diminution 
of pressure caused by the gases ])eiug driven into the glass by the 
radiations. An experiment was therefore made with tlie apparatus 
as before, but filled with undried air. Tbe following numbers were 
obtained ; 



I'ldl o[ jil'OSMll 

'<■ ill InilU 


A^) 

'J'iiiu-. 

('iiutaiiiiiig 1 

.-.iiliniii. 

A/». 

A/ 

Odav.s. 

O'U III til. 





20 

2'0 1, 


2 nmi. 

o-io 

31 

2>-9 ,, 


VI! M 

0 17 

49 

'>■5 ■> 


2-0 „ 

0-14 

92 ,, 

13-2 .. 


6-7 ,, 

0 1(1 

n<: ,, 

16-7 „ 


3-5 „ 

0-15 


After the first few days a regular contraction took place, ami 
this showed no sign of falling off even in the course of four months. 
On opening the tube, it was found that a small globule of mercury 
had fallen into the capsule containing the radium, and on the sides 
of the capsule there was a small deposit of mercuric oxide. The 
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radiations thus caused the oxidation of mercury in the presence of 
moist air. As it was uncertain what part of the fall of pressure 
might have been duo to absorption of oxygen by tlie mercury, 
.another experiment was mado in a similar way, but filling the bulb 
with dry nitrogen, Tho pressure fell as before and at about the 
same rate: 


Time. 

Fall of pi-rsKurfi in bulb 
containing nidi mil. 

Ap 

0 days 

0 0 Him. 

22 

^■3 ,, 2-3 mm. 

0-10 

35 „ 

^^•9 M 1.-6 „ 

0-12 


Thus very little of the effect could have been due to absorption 
of oxygen, and the increase in pressure obtained in tho decom- 
position of ammonia does not i-eprcsent tho total decomposition. 
The preliminary fall of pressure in the ammonia experiment is thus 
partly accounted for, apart from tho presence of air. The actual 
rate of decrease at the beginning of Uie ammonia experiment was 
about double that in the nitrogen experiment. As the fall of 
pressure due to this cause is so large, and, moreover, probably differs 
for different gases, it is impossible at present to calculate with any 
exactness the rate of decomposition of ammonia. It would 
appear, liowever, to bo a reaction of the first order. As a roiicrl, 
approximation, the 5 milligrams of radium bromide decomposed 
O'Ol milligram of ammonia per day. 

Ux r V F. Rs j r y C t) r j. 
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XV 11.- JJut fdaUiiijoj XanfhuruH^ (oal Pi^pnctraldine, 

By Bessie Dobson and Wir.mAM He.nuy Pehkin, jun. 

BuiiiNG the course of their valiible investigations on the con- 
stituents of opium, Messrs. T. and IT. Smith {Plianu. 7., 1893, 
isolation of a colourless alkaloid melting at 
- 6 , which exhibited the characteristic property of forming yellow 
salts, and wa^ therefore named xantimline. Tliis substance, whidi 
occurs in opium only in minute quantities, was isolated in a pure 
condition, and analyses of the alkaloid itself, as well as of its 

indirt reduction product (hydroxantlialine), seemed to 

ndicato that its formula was With a, view to 

•y this alkaloid, and a portion of it was recrystaliised 
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from methyl ethyl ketone, in which it dissolved very sparingly in 
the cold, -but much more readily on boiling. The hot solutioB, 
when allowed to cool slowly, deposits the alkaloid in colourless 
scales, which melt sharply at 207° or 210° (corr.) : 

0'1382 gave 0*3444 CO, and 0*0686 Hp. C= 68 * 0 ; H = 5*5. 

0*2398 „ 8*3 c.c, N, at 16° and 761 mm. N==4'0. 

0*3443, heated with hydriodic acid by Perkin’s modification of 
^eisehs method, yielded 0*8884 Agl. MeO — 34*1. 

C.iyfiifiOyhl’, containing 4MeO, requires MeO — 35*1 per cent. 

These numbers agree closely with those obtained by Messrs. T. 
and H. Smith, who give four analyses of the alkaloid, the mean 
of which is C = 67*8; H = 5*6; N = 4*3, and it will be seen that 
these percentages correspond with the formula C^qHjqO.K, which 
requires C ^68 0 ; H = 5*4; N^3'9 per cent. In order to test the 
validity of this formula, the authors prepared the platinicMonfle. 
of the alkaloid, which crystallised from dilute hydrochloric acid in 
orange-red prisms, and yielded, on analysis, the following result; 

0*3500 gave 0*0611 Pt. Pb=17*4. 

(C. 2 ()n^ 9 OjN'), 2 ,H 2 FtC )0 requires Pt — 17*4 per cent. 

The methiodide wa.s next prepared by heating the alkaloid (10 
grams) with methyl iodide (10 c.c.) and methyl alcohol (40 c.c.) in 
a scaled tube in the steam-hath, wdien the substance, w^hich at first 
is sparingly soluble, passed completely into solution, and, on coolinff, 
characteristic orange stars separated in quantity on the sides of the 
tube. The crystals were collected and left exposed to the air for 
several days, the substance then melted at 132°, and yielded, on 
analysis, numbers agreeing with the formula C^oH^^O^NjMeljSHnO: 

0*3578, dried at 100°, lost 0*0334 H.O-O'S. 

0*7204 „ 105° „ 0*0756 10*5. 

0*1570 gave 0*0650 Agl. 1 = 22*4. 

CoijHigOjhhMel.SH^O requires IhO = 9'8; I -23*1 per cent. 

This methiodide was tlieu recrystallised several times from 
methyl alcohol, from wdiicli it separated in brilliant yellow prisms, 
which melted at 194°, and had the coniposition C^oHjgOsAhMelH.O: 

0*1089 gave0*l982 CO. and 0*0469 ILO. C=49*6; H=:4’8. 
0*1565 „ 0*0710 Agi. 1 = 24*5. 

Co„H, 90 .X,MeIHoO requires € = 49' I; 11 = 4*7; 1 = 24*7 per cent, 

Fiuion nnth Fotas^-sium Jlydroirldc, — In this experiment, 
potassium hydroxide (30 grams) mixed w*ith water (5 c.c,), jnst 
fused in a nickel crucible, and then xaiithaline (10 grams) added; 
the flame w’as at once removed, and the fusion stirred for two or 
three minutes, and until the alkaloid was completely decomposed. 
The crucible was then plunged into hot water, the oil whid. 
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separated extracted with ether, the ethereal solution dried over 
solid potassium hydroxide and evaporated, when an oil remained 
which, on exposure to the air, soon solidified. After contact with 
porous porcelain, the substance was crystallised from ether or light 
petroleum, from both of which solvents it separated as a colourless, 
crystalline powder : 

V1II2 gave 0 2846 CO2 and 0-0579 H,0. 0 = 69*7; H = 5-8. 

0‘1860 „ 11'2 c.c. N2 at 15° and 75*'8 mm, N = 7*0. . 

C11HJ1O2N requires C — 69’8; 11 = 5*8; N = 7*4 per cent. 

This substance, which melts at 94*5° and is obtained in a yield of 
at least 35 per cent, is dimethoxyfsoquinoline (I). The alkaline 
solution, from which this substance had been extracted, yielded, 
on acidifying, a solid acid, which, after crystallisation from water, 
melted at 179*5, and w'as easily recognised as veratric acid (II) : 



OH 

(b) (It) 


The consideration of all these facts seemed to show that the 
alkaloid xanthaline most probably has the constitution: 

MeO 

MeO/ N--CO— / 

\_V \ / 

/ "x 

MeO OMe 

that is to say, that it was identical with papavera-ldine, the sub- 
stance which Goldschraiedt (.1/0;?*'^^^'//., 1S85, 6, 956) first obtained 
by the oxidation of papaverine witli permanganate. In order to 
test this supposition, a quanlitv of papa veral din 0 w'as prepared 
from papaverine, and the direct comparison proved conclusively 
that it was identical with xanthaline. Both melted at 208°, and, 
when intimately mixed, there was no alteration in the melting 
point. In describing the fusion of papaveraldinc with potassium 
hydroxide, Goldschmiedb {foe, eft.) does not appear to have observed 
that diraethoxyd'oquiTioline is a crystalline substance, but we 
satisfied ourselves that, when papavera-ldine from papaverine is 
fused with potassium hydroxide under the conditions de.^cribed 
above, the diniethoxyh'toquiiiolinc obtained crvsta-Ilises and melts 
atTT5°. 

It is, of course, impossible to say whether papa-vcraldine is 
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actually present in opium, or rvhether it is formed from papaverine 
durin/tie complicated treatment which is necessary before it can 
be separated from the other constituents of opium. 


Till'. lf?{lVKK.SlTY, 

M iX’fiK RSTEI:. 


XVIIL— 0/'<7G/r/>' Derivatives of Silicon. ^ Part XIV. 
The Preparation I of Tertiary Silicols. 

Bv Frederic Stanley Kipping and John Edward Hackfoed, 

A J.C., B.Sc. 

Various tcitiary silicols, E,Si-OH, have been obtained incidentally 
in the course of these investigations, and have been very briefly 
described in previous papers. In these cases the compounds were 
prepared by the hydrolysis of the tertiary chlorides, R 3 SiCl, a 
iue4od which suffers from the serious disadvantage that the tertiary 
chlorides arc themselves obtained only with considerable difficulty, 
and, generally speaking, are not easily separated from accompanying 
by-products. 

A procedure promising more satisfactory results Avas not far to 
seek. On the presumption that the behaviour of the silicones, 
IbiSiO, would be analogous to that of the ketones, it was only 
necessary to prepare the silicones by the hydrolysis of the di- 
chlorides, R.-,SiCU (which are usually obtained much more easily 
than the' trichlorides), and to treat these silicones with a Grignard 
reagent. 

That a silicone would react with a magnesium alkyl or aryl 
halogen compound giving ultimately a tertiary silicol was, of course, 
a natural deduction to base on the known relationship of silicon to 
carbon. On the other hand, the very great dissimilarity bciwreD 
the silicones and the ketones in their general chemical behaviour, 
which was brought out by a study of benzylethylsilicone (Robison 
and Kipping, Trans., 1908 , 93, 439 ), pointed to the possibility that 
this anticipation might not be realised. 

As a matter of fact, the silicones were found to react with the 
Grignard reagents in a normal manner, and it is perhaps hard!} 
too much to say that this is the first instance in which the silicones 
have been proved to show any analogy to the ketones in chemical 
behaviour. 

Several tertiary silicols were prepared by the method here 
indicated; the yields were generally satisfactory, and the products, 
as a rule, did not contain any considerable proportion of the cone- 
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sponding oxides, RgSi-O-SiRg, into which the silicols are so prone 
to pass. 

The silicones which were used in the earlier experiments were the 
crude liquid substances which were obtained by the decomposition 
of the purified dichlorides with water; these silicones, therefore, 
probably consisted to a considerable extent of the termolecular 
polymerides, (R2SiO)3. As these preparations gave, nevertheless, 
gtKid yields of the desired products, it seemed to follow that the 
termolecular silicones were resolved into the uniniolecular com- 
pounds by the action of the Grignard reagents. This conclusion 
was borne out by the results of experiments with the pure ter- 
molecular form of dibenzylsilicone, which was found to yield the 
tertiary silicol, SiMe(CHo-CpH^)o-OH, after treatment with mag- 
nesium methyl iodide. 

It was also found, as was of course to be expected in view of the 
results just mentioned, that a dihydric .silicol, such as dibeiizyisilicol, 
Si(CH.yC,, 115)2(011)2, could be converted into a tertiary silicol by 
the method in question. 

As the relatively very stable termolecular silicones are attacked 
by the Grignard reagents, and as these polymerides probably 
contain the grouping RoSi-O-SiK., it seemed possible that the 

oxides R3Si'0*SiR3 might likewise react with the magnesium com- 
pounds, and yield, ultimately, a tertiary silicol and a silicane. 
Experiments, however, showed that tlic oxides remained imehant^ed 
even after they had been heated strongly with magnesium alkyl 
bromides. 

The above method for the preparation of silicols is applicable, of 
course, in the case of asymmetric compounds, R^R-R^Si'OH, as 
well as in that of symmetrical silicols, R^R'hSi-OH and R^Si-OH; 
the latter, however, it was found, may also be obtained, and perhaps 
more conveniently, by the interaction of an aryl (or alkyl) derivative 
of mefcasilicic acid and a Grignard reagent. Triphenylsilicol, for 
example, may be prepared by treating phenylmetasilicic acid,' 
CgHj-SiO-OH, with magnesium phenyl bromide, and tilbenzylsilicol 
may be obtained from benzylmctasilicic acid in a corresponding 
manner. ^ As is well known, in preparing tertiary alcohols from 
carboxylic acids, it is customary to employ the acids in the farm 
of their esters ; whether this is necessary or not in tlie case of 
e carboxylic acids, it is certainly not so as regards the silicic acids:; 
the latter may be directly treated with the Grignard reagents, 
n preparing phenylmetasilicic acid from the trichloride'siPliCl.., 
was found that hydrolysis with cold or even with hot water gave 
which was readilv soluble in manv 
g flic solvents; hydrolysis with steam, oil the other hand, resulted 
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, f ( nf a vitTOOus solid, which was insoluble in all th# 
— “rdlvents and appeared to be the (polymerised) 

anhydride of the acid. 


Experimental. 

BcniyUkOiyUtlicol, CjUs-GHj-SiEta-OH. 

T, i.n,vkilicono obtained by the decomposition of benzyletliyl. 
Benzslct _ (Trans., 1907, 91, 720), was carcfullv 

lOO^Ind the oil, which probably consisted partly of the 
enllc ul!J Compound (Robison and Kipping, for. was then 

hallv added to an ethereal solution of magnesium ethyl bromide 
ftfni I V ifte°tlie ether had been distilled off, the residue w. 
£t!d a 'about 190° during one hour When co d, the prodiut 
f ttated with water, and tiie oil which separated was e.xtractsd 
Iith etlier and distilled under a pressure of 10 nun. The theirea 
refer rose rapidly to 165°, at which temperature about 60 per ceal, 
Z the liquid passed over, and only a small qnantRy of a residue 
0 high boiling point was obtained. Immediately after redishllat.oa 
a sa^lo of the liquid, boiling at lG5°/40 mm., was analysed: 

0'5572 gave 0-1698 SiOo. Si=-14-3. 

C])HisOSi requires Si-l4G per cent. 
BeriuMiethyhiUcol is a colourless, mobile liquid, and is misciWc 
Whh most of the common solvents, In the course o a day he 
clear brinhfc silicol became cloudy and deposited globules of water, 
an indication tbat it was undergoing a spontaneous transformstion 
mto the oxide. This change, however, occurred verv slowly ,,ad 
wl.pu redistilled the next day most of the liquid passed over belov 


'T'SrLnd by llartin and Kipping (Trans., 1909, 95 303) 
that trihen-avlsiUcol could be converted into tribeinylsilicyl chlon e 
with the aid of acetyl chloride. Tf therefore other sihcols could 
be transformed into the corresponding chlorides in a similar manner, 
'these chlorides might then be emiiloyed for the preparation ol 
various silicanes by the method previously used for this purpose. 
In order to tost this possibility, licnzyldiethylsilicol was heated witli 
a largo excess of acetyl chloride during three hours, and the product 
was riien distilled. Host of the liquid, excluding the acctji 
chloride, passed over from 155" to 165°/ 15 mm., and a sinall pio- 
portion, consisting probably of the oxide, from 200" to 250 . 

The fraction of lower boiling point contained only 0 per cent, o 
combined chlorine (CiiHi;Cl contains IG’d per cent, of 
and was again heated with a large excess of acetyl chlon e, 
the product did not, alTord the desired chloride in anything appio^*^ 
ing a condition of purity. 
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BenzylethylfrofylsUicol, CgH^'CHo-SiEtPr-OH. 

Beiizyiethylsilicone, prepared in the same way as the sample used 
in the preceding experiment, was added to an ethereal solution of 
magnesium propyl bromide (1| mols.). The ether was distilled, 
and the residue heated at about 190® during one hour. The oily 
product which separated on the addition of water was extracted 
with ether and distilled under diminished pressure. Almost the 
whole of tho liquid passed over between 169® and 174®/40 mm., 
and there was very little residue. 

The freshly prepared silicol was analysed : 

0'3264 gave 0'0964 SiOg. Si~13'9. 

Ci^H^^yOSi requires Si = 13-6 per cent. 

This compound has already been described (Kipping, Trans., 
1907, 91 , 223), and the observation that the distilled product 
becomes turbid when kept at the ordinary temperature, with 
formation of benzylcthylpropylsilicyl oxide and water, w^as confirmed. 

SiMeEtPlrOH. 

The phenylethylsilicone used in this and the following experiment 
was prepared by the hydrolysis of pheriylethylsilicon dichloride 
(Marsden and Kipping, Trans., 1908, 93 , 208), and was treated 
with magnesium methyl iodide in the manner described in previous 
cases. When the product was distilled under diminished pressure, 
it yielded a large fraction, boiling constantly at 115®/17 mm. 

This preparation was immediately analvscd : 

0'3780 gave 0‘ 1406 Si02. Si^lT'o. 

CgH^^OSi requires Si = 17-0 per cent. 

rhtnylmethyUthyUilicol is a colourless, mobile liquid, praeticallv 
insoluble in water. In the course of half an hour, the clear, bright 
product became distinctly turbid, and drops of water graduallv 
separated, but the transformation into the oxide seemed to be onlv 
very partial. 


rheyiyJdiefhylsHirof, SiEUPlrOH. 

Pheuylethylsilicone was treated witli magnesium ethvl bromide 
under the conditions previously described in other cases, and the 
product was separated in the usual manner. When distilled under 
iniinished pressure, most of the liquid passed over between 160® 
170 /60 mm,, and from this fraction the pure silicol was isolated 
as a colourless, mobile liquid, boiling at 165®/60 mm. 

An analysis of the freshly prepared substance was made: 
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0‘o438 gave 0‘1172 SiOo. Si = 16'0. 

CjoHn;OSi requires Si = 15*7 per cent. 

Like most of the other silicols, this compound became turbid in 
the course of some hours, and changed spontaneously into the 
corresponding oxide and water. The product was redistilled aitfr 
it had been kc[(t for some lime, and a fraction boiling at 208 — 

40 mm. was collected j this substatice probably consisted of phoiij-{. 
dicthylsilicvl oxide, but silicon estimations gave unsatisfaetDry 
rcsults, owing to the irnpossihility of burning aw’ay the whole of 
the carlion. 

biben ztjhneihij/.'tidcof, 

Tci molecular dibenzylsilicono (m. p. 98'^), obtained from dibenzv! 
.silicon dichloi'idc by tho method already described (Robison aiid 
Kipping, Trans., 1908, 93, 440), was treated with an ethereal 
solution of magnesium meiliyl iodide, tlu'. ether was distilled, and the 
residue was healed at about 000'^ during an liour. The oily product 
isolated in the usual maiumi', wlun distilled under diminislml 
[u'essure boiled very constantly at 11 lO 'li42'^/60 mm., and only a 
small proportion ))asscd ov('r outside these limits. Tbe freshlv 
prepared liquid was analysed : 

0-447() gave OdldO 8iO,. Si.- ll-9. 

requires Si lh7 per cent. 

Dibcny/hnetJiif/f^ilirol is a colourless, luobile liquid, practicallv 
insoluble in water, but miscible with oi'ganic solvents. 

bibcn:jilw( flif/hlf!r!/l 0 ] t8iMe(CHrCV,Hi)4A 

The pure silicol just described gradually clianged when it Tvas 
loft at the ordinary temperature, and after about a fortnight's time 
it yielded colourless cjystals, which were se])ara.ted and recrystallised 
from ellier: 

0'3414 gave 0‘0912 ShX, Si=;12'5. 

0-3496 „ 0-9812 CO_^ and 0'2372 ITd). C - 7ryG ; H.^7-5, 
requires Si — 12-2; C — 77*1 ; H — 7'3 per cent, 

These analyses and the inanner of formation of this crystallino 
prociuct shosv that it is d ihv.nziilrn cfln/l Alivyl oxide, produced by 
the sjwntaneuiis decomposition of the silicol. It melts at 56° and 
is readily soluble in ether, chloroform, or benzene, and luoderatoiy 
easily so in alcohol. 

( oni'enion of 'Difieitzyldhrol inio a Tertiary Silicol. 

The action of rnagucsium tnethyl iodide on the j3-fovm of dibcMyf 
silicol, 8i(CHyC i;l i-)^.(()l t)^, descril)cd by Robison and Kippi^? 
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(Tra-RS.. 1908, 93, 453), was also investigated. As tlio first result 
would probably be the conversion of the dihydric silicol into the 
silicone and water, a large excess of the Grignard reagent was used. 
A vi'^orous reaction occurred at first, and after a procedure described 
ill previous cases a colourless oil was obtained. This product, like 
that obtained from dibenzylsilicone, boiled very constantly at 
040 — 242°/60 mm., from which fact it was concluded that the oil 
consisted of dibenzylmethylsilicol. In order to hasten the, change 
into the oxide, the sample was heated at its boiling point under 
atmospheric pressure during about an hour, and was then allowed 
to cool. The next morning the sample was a pasty, crystalline 
mass, and after recrystallisation from ether, Die solid product melted 
at 50°. which is the melting point of dibenzylmcthylsilicyl oxide. 

of SiJ'icjjl 'infli the Grujnard Rear/euls. 

As ali'cady stated, the oxides or ethers of the general formula 
(R..,SI)..0 seem to be unchanged by the Grigiiard reagents. Experi- 
ments were made with bcrizvletliylpropylsilicyl oxide and wiili 
tribenzylsilicyl oxide, wiiich were finally licated at about 200 ^^ 
during an liour witb magnesiuTTi propyl liroinide and ma.'^nesiuin 
ethyl bromide respectively; in both rases, as far as could lie 
ascertained, the oi-iginnl sulistance was recovered nnclianged. 


Tertiary SHicoh from. ii n! ed MetristUcic Aeida, 

Benzyl metasilicic acid, luepaa-ed by decomposing beiiz\ IsiJicon 
tricliloride with cold water, was treated with a large excess of an 
ethereal solution of magnesium benzvl chloride, and after the ether 
had been distilled, Die residue wms heated slowlv up to about 220^. 
The product was then cooled, treated with water, and submitted 
to steam distillation until free from dibruizvl. The pasty mass 
which then remained was sejia rated witli Die aid of etlier and 
distilled under diminished pressure (20 mm,). The fraction 
collected from about 2 ;,) 0 ' tc) IPiO ' (pucklv solidified, and wdion 
cijstallised from a mixtiue ol chloroimrm and light petroleum 
yielded a pure sample of tribenzylsil icol, Tlii' vield wa.s not good 
(only 5 grams of the pure silicol from M grams of tin* acid), and a 
large proportion ot the crude product, proliablv unelianged acid, 
did not distil below' 30CF/2() mm. 

PlienyiTrietasilicic acid, prepared froni phcnvlsilicon trichloride, 
was treated with a largo excess of magnesium phenyl bromide, and 
a ter the mixture had been heated to about 220 ^", the jiroduct of 
le reaction \vas separated from diphenyl and submitted to distil- 
ation. The fraction collected from about 270^ to 300^/14 mm.. 
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solidified when cooled, and consisted almost entirely of tripheny], 
sEl; about 5 grams of the pure sihcol were obtained from lo 

grams of the acid. 

tasilicic A cid. 


This compound was prepared long ago by Menburg by tie 
hydrolysis of phenylsilicon trichloride with dilute ammonium 
Wdroxidc soluiion. The substance thus obtained is. when dne^ a 
tiVnsparent. vitreous, brittle solid, and is readi y soluble in ettei 
and many other organic liquids, as well as in a solution of potassium 

’'^hefpbenylsilicon trichloride is hydrolysed with cold water, 
or oven wLn it is poured into hot water, it gives a product having 
the above properties, but under certain conditions a very different 
result is obtained. This observation was made in the eourse of 
some experiments on the preparation of diphenylsilicon dichloiide 
by the interaction of silicon tetrachloride, bromobeiuene, and 
magnesium in presence of ether. Some fractions of low bo.hng 
point resulting from this preparation, and consisting of a mutuie 
of bromobenrene and phenylsilicon trichloride, were directly treate 
with steam in order to remove the bromobenzene and obtain plienyl- 
metasilicic acid. Instead of an oily residue of phcnylmetas.licc 
aeid a white, brittle solid remained. 

In order to ascertain the nature of this product, some pure pheny,- 
silicon trichloride was prepared and directly treated with steam; 
it was rapidly transformed into a white solid, which was separate 
and repeatedly extracted with ether in order to free it from phenyl 
metasilicic acid, hut very little (.about 1 per cent.) of tins substance 
was obtained. As the residue was insoluble in all the many 
organic liquids which were tried, it was dried at 120° and analysed; 
two different preparations gave the following results: 


0-3308 gave 0-1536 SiO.,. Si = 21-8. 

0-3344 „ 0-1546 SiO,. Si = 21-7. 

0 1700 0-3160 CO, and 0 0596 H,0. C = 55'o;H = 3 9. 

(C6lVSiO),0 requires Si = 21-9; C = 55-6; H = 3-9 per ceut. 

In niahlng the combustion, the substance was previously mixed 
with copper oxide, as great difficulty was experienced in the si icon 
estimations in getting rid of the whole of the carbon. ^ 

The method of formation of this solid and the analytical resul s 
show that it is the anhydride of phenylmetasilicic acid. It is s ovi' ’ 
acted on by a concentrated solution of aqueous alcoholic potas 
apparently is converted into a potassium salt of phenylmeUsuac 
acid; benzene is not formed in appreciable quantities, and ai® 
the alcohol is expelled, the solution gives with mineral acids a 
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some time a precipitate 'which resembles phenylmetasilicic acid in 
all its properties. 

Although the anhydride is so readily formed from phenylsilicon 
trichloride, it is not readily produced 'when tho acid ia heated at 
100'= ; a sample of the acid which had been heated during many 
hours still dissolved readily in ether. 

Tlie authors gratefully acknowledge the financial assistcyicc for 
^■liich they are indebted to the Government Grant Committee of 
the Royal Society. 

Umveksity College, 
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\{l.,--Litraniolecular Rexirrangeraeats of DiphenyU 
me thane o -Snip h o x i de . 

By Thomas Percy Hilditch and Samuel Smiles. 

The changes which tho orthcEsiilphoxides of diphenylamine suffer 
on treatment with acid reagents (Trans., 1909, 95 , 1253; 1910, 97 , 
ISG, 1112, 1559) demonstrate the instability of the thionyl group 
and the tendency of sulphur at that stage of oxidation to revert to 
the bivalent state through the intermediate phase of the sulphoniiim 
arrangement. Further illustration of this property of the thionyl 
group has been found in the simpler hydroxymromatic sulphoxides 
(Traris., 1910, 97 , 2248), which arc converted into halogen 
derivatives of the sulphides on being heated with halogen acids. 
With these substances the intermediate sulphonium derivatives are 
more difficult to detect, chiefly on account of their inferior stability; 
but in experiments Mffiich are now being conducted some definite 
evidence of their existence has been obtained. 

In extending this inquiry, we have first turned our attention to 
the behaviour of diphenylmethane o-sulplioxide (I), and, on account 
of the close structural resemblance between this substance and the 
corresponding derivative of diphenylamine, it was anticipated that 
a comparison of the behaviour of the two scries would yield 
obtake^^^ mechanism of the reaction beyond that already 

In order to obtain this sulph oxide, t hi ox ant hen was oxidised with 
} rogen dioxide in acetic anhydride solution, in accordance with 
tit ^vhich has been found suitable for the oxidation of 

i compounds. The product melted at 109°, and gave 

} Ka data corresponding 'with the required substance; but the 
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isoiuovic tWoKanthcnol (II) lias recently been obtained by P Maje, 
from the reduction of tlnoxanthone and it is described by him as 

melting iit 103-105° (Bn., 1909, 42, 1134). 

OH 

(Of, CH CH„ 


,so 

(I.) 




It Ihcrcforc appeared possible that the products of the 
reactions namclv, the o.xidation of thio.xanthen and tlie reduction 
of tl.ioxanthonc: miglit be identical, and since no direct proof of 
the constitution of the substance obtained by reducing thioxanthoBo 
lias ever been given, it became necessary more completely to 
demonstrate the constitution of the two substances. 


Comliliilion nf Thinmntlunol and of Difhenylmetlianf. 
v-SuI])ho:ride. 

That the prodnets from the two sources are evidently diHereiitis 
shown bv the melting point of a mixture of approximately equal 
quantities; it is indefinite, and lies in the neighbourhood of 75-80=. 
The structure of tbioxaiithenol formed by reduction of thioxantlone 
is shown by the following facts . 

(i) .It is converted into thioxanthone by oxidation with the 
calculated amount of potassium permanganate in cold glacial acetic 
acid. 

(ii) It Yields a bcnzo 3 d derivative when treated with benzoyl 
chloride in pyridine solution. 

(iii) It reacts with phenylcarbimide ; the product, however, 
appears to be unstable, decomposing into diphenyl carbamide. ^ 

hhirther, it is clear that the product melting at 109°, which is 
formed by oxidising thioxanthen with hydrogen dioxide under the 
conditions described in the experimental part of this paper, is the 
required diphenylmethane (j-siilphoxide (II), for 

(i) It yields diphenylmethane o-sulphono (III) when treated with 
the calcuiatc'd amount of potassium permanganate in cold glacial 
acetic acid, 

(ii) It doe« not react with phcnylcarbimide, nor does it yield a 
benzoyl or acetyl derivative with the usual reagents. 


The Action of Acids on Thiomnthenol. 

The action of acid reagents on thioxanthenol has been mentioc^ 
hy Werner {Bcr., 1901, 34, 3311) at the conclusion of bis study 



BEARR4N0EM1NTS OP DIPHKNVLMETHANE O-SUl.PHOXIDE. 147 

of the carboxonium salts Werner found that solutions of thic 
xanthenol became coloured by the addition of mineral acids a^d 

,vhea bromine vapour was passed into the solution of thioxanthenol 
in aqueous hydrogen bromide, he obtained a crystalline perbroniLe 
butsmoe no analytical data was given, we have repeated and 
extended these experiments. The carbothionium chloride (VI) is 
obUmed as a bnck-red, crystalline precipitate when an ethe ea 
solution of thioxanthenol is saturated with hydrogen chloride 
Tins substance is not sufficiently stable to be obtained in a conditfon 
suitable for analysis, but it yields a stable, red, double salt with 
fenuo chloride, Werner (loe at.) has pointed out that xanthenol 
may be regarded as the pseudobase of the carboxonium salts and 
that the same relation probably holds between thioxanthenol’ and 
the carbothionium salts, and we Cud, in accordance with this view 

Sitii" -t- of 

At the same time w-c have succeeded in obtaining an inter- 
mediate substance in tliis^change ; when the carbothionu™ ehloride 
IS dried in a vacuous desiccator to remove excess of hydrogeu 
chloride It IS converted into an isomeric colourless substance for 
which there are two alternative structures available, namely, those 
,f the chlorolduoxanthen (IV) and the thioxantlienyl chloride (V) 

Cl 

oil 



S 
(IV.) 

JolIr::th"tt‘Te“tiottLeWa“er‘r ‘tt" 

thionium chloride and excess of hydrogen diloride 

97, 11 U) when chlorothiodiphenylamine is formed- hut this 

forthe”h 1 " ™ question cannot bo accepted 

forth halogen is very easily removed by alkaline reagents or even 

w f*"'’ I’eing formed. Tlic compound must there 

fo^ be regarded as the carbonium chloride 

iSSSSESSS 

Oitononthet in aromatic compounds, especial! v that of 

««., 190-1 \l -^'-vlilnroacylarylaniines (Proc. Ro,/. 

Morcler, t f ' w 

VOL, XCIX f-’y tlie recent 

M 
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experiments of Gomberg and Cone (,AnnaUn, 1910 376 , 183) ,vho 
find that the salts* obtained by the action of ^halogen acids on 
Si lioxanthenol contain an additional molecule of halogen 
^ d vhth is lost in the transformation to the carbonium hahde. 
“Xhe conditions under ivhicli the reverse change of 
chloride into thioxantlionium salt takes place have not been clearly 
.Od hut so far as our experiments have been earned, ,t 
Lms tl 0 mere presence of excess of acid is sufficient. The relations 
Thmli hold bet^en tins group of substances are indicated by the 
following fomulse; 


Com-i-mon «/ Dvphaujlmdlmne <ySidfho,:'Hh into Thioxanlhomm. 

liketbioxantlienol, the ortbosulphoxide of diplienylmethane is 
converted by mineral acids into the thioxantlionium salts, buttle 
speed with which this transformation takes place is less than in 
the former instance. Tins sulphoxide, however, cannot be regardd 
as the pseudo-base of tliio.vantbonium, for, as previously mentioiicii, 
thioxanthenol is formed by the action of alkaline reagents on the 
latter substance. At the same time, it is clear that by the successive 
application of the acid and alkaline reagents the diphcnyhnetha.«e 
o-sulphoxide may be converted into thioxanthenol, the net result 

* Ills iwccssai-v to mviition Urat (iombi-rg and {Annnko. 1909, 370, H2; 
1910. 376, 1S3) on .account of cci tam iinalosics to triiiheiijlcalblliol lisvc tcfniio 
advocatrd u {luiiiorai'l ionium structnie, for example, 

Cli 


for Ihfse CGloiiH.-d salts a.s well as for those of the correspoiulitig acmloY 
azoiiiuni, xaiilhoniiini and azothionluni series. e jirett'f, however, to letiun i 
az-niiuni, rliioninm, and oxonium snnetures wliieli have been ^advooateil lor t|w 
suh.stanees by Hewitt {/ft/twA. Chan., 1900, 34, 9), Kelu'niann (..Otmr.i . 

1902, 322 / 1 ;, Wmier [Bcr., 1901, 34, 0:300) and othcis. Both Kelirmasm 
{Anualvn, 1910, 372, 287) and Hewitt and Thole {Proc,, 1910, 26, 2i.i; '-rve 
recently opposed the view of Goinherg and Cone, and, so far as the thio-coiiil''''’^“- 
are eoncerned, the jire.^eiit authors have yet otlier reasons for disagieemeut wit ^ 
(pnQocarhoiiiiiin structure, hut the ])ublication of this is deferred until the esper. 
merits from these other sources have been completed. 



BEARRANaEMENTS OF DIPHENYI.METHANE O-SULPIIOXIDE. 149 


of tlie change being the transference of oxygen from sulphur to 
carbon. It is interesting to find that this transference may be 
effected by the aid of heat alone. 

Thioxanthenol behaves under the influence of heat like its 
congener, xanthenol (R. Meyer, Her., 1896. 29, 1276), for, when 
licated alone or in glacial acetic acid to about 120°, it furnishes 
tlie thioxanthenyl oxide (VII); and the same substance is formed 
when diplienylmethane o-sulphoxide is treated in a -similar 
maimer, the sole difference being that the vields are somewhat 
smaller, and more prolonged heating is required. Further evidence 
of this change may be adduced from the behaviour of thioxantlieu 
with hydrogen dioxide in glacial acetic acid solution. If the boiling 
solution of this substance is mixed with excess of hydrogen dioxide 
good yields of diphenylmethane o-sulplione are obtained. On the 
other hand, if a cold solution of thioxanthen in acetic acid con- 
taining about one molecular proportion of the oxidising agent is 
heated gradually to the boiling point, the chief product is thio 
janthonc. Evidently the latter circumstance is due to the con 
version of the sulphoxide, which is slowly formed by the dilute 
peroxide into thioxanthenol. the latter m turn being oxidised to 
thioxanthone. Under the first set of conditions, tlie large excess of 
peroxide completes the oxidation of the thionyl group before the 
ch.ange to thioxanthenol has proceeded to any appreciable extent 
Moreover, it may be remarked that the mixture of sulphoxide and 
thioxanthenol, which melts indefinitely at 75—80° if heated for 
a short tune to about 110° and then allowed to cool and solidify 
tiiel s on re heating at a mucli higher temperature in the neighbour 
too ot 100-102°. So far as we are^ware, diphoiSth::::; 
.sulphoxide IS the only substance of that class wiiL melts at a 
mrer temperature than the corresponding sulphide, and it is 

it fluolLm isomerising action of heat. 

-Hch connect 
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The probable mechanism of the conversion of the sulphoxide to 
the thioxanthonium salt is discussed in a subsequent paragraph. 

Regarding the relations between these derivatives of thiodiphenv]. 
methane frm a general point of view, it is evident that they ato 
rioselv narallel to those which have been previously observed 
(Trans 1909 9 5, 1253; 1910, 97, 186, 1112, 1559) with the Ihi^ 
dipiietivlamiii’e group, for in eacli series the quadrivalent sulphur of 
the thtonvl group is rednecd by the prolonged action of halogen 
acid to the bivalent state through the intermediate stage of an 
unsaluratcd sulplioniura arrangement. Moreover, the same 
terminal sta«e has been observed with the simpler aromatic 
hydroxysulliliaxides, and it is hoped that here, too, the intermediate 
sulplioninm compound may be isolated : 


( 1 ) 




CoHsCl<™>CJI 


( 2 ) 










(:^) OH-G'^HgCl-SO-C.H^Cl-OH -•> On’C,.H2Cl./S*C(.Ji3Cl'OH, 
Tliere is however, an interesting difTerence between the final 
products obtained in tlic two senes, for in the thiod ip henyl amine 
Lfroup the halogen finally enters the aromatic nucleus, whereas m 
the tliiodiphenyl methane series it does not, but instead reinaim 
attachefl to the met.liaiic carbon atom. Armstrong (Trans., 1900, 
77, 1051), Orton (Trans., 1909. 95, 14), and others have shown \m 
easily the iT-cliioro-derivatives of acylarylamines are transformed 
into" the aromatic lialides by the intervention of free hydrogei] 
chlorido; and in view of the isolation of this carboiiium chloride in 
the dipUeiiylmcthane scu'ies, it appears not improbable that thf 
corresponding 3 -ch loro-comp on ml : 

1ms .V tiausitmy oiastcucc during file action of hydrogen chlorii 
on the phena/.othionium salt. 

Tinning to consider the mechanism by which these sitlphoxi f 
are converted into the corresponding azo- or carbo-thionium salj^s 
the permissible assumption is made that in tlie two series t ■ 
processes are alike in their essential features, although per s-P 
minor dilTerences may arise from the more pronounced basic pt>^f 
of tlie tliiodiphenylamine compounds. 

Investigation of the latter group ba,s shown (Barnett and 
Trans., 1910, 97, 18G) that the reaction does not consist of 
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mere transference of hydrogen from the amino- to the thionyl group, 
but that it depends on the preliminary formation of a salt. The 
subsequent observation (Brady and Smiles, Trans., 1910, 97, 1559) 
that, the monohydrochlorido of trichlorotiuodiplienylamino’ suVph- 
oxide is very easily converted- -merely by warming in certain 
solvents — into the azothionium compound indicates that it is only 
the mono-acid salt which is essential, but it was difficult to decide 
with certainty whether this is the amine or thionyl hydrochloride : 
H Cl 






/\ 

110 Cl 

When, however, it is considered tiiat the f/ siilphoxide of diphenyl- 
methane contains only one group of basic function, it becomes clear 
that nob only is the formation of a mono-acid salt sufficient, but that 
this essential must be the sulphoxide salt. Finally, on regarding 
:Le structures of these substances : 


NH N 



-IS seen that the simplest way in which the formation of the 
Inomum salts can take place is hy the elimination of water, and 
•e consider that this conception of the process affords a satisfactory 
splanation of every case of this transformation which has hitherto 
ten studied. 

Without entering into the details of each case in particular, it 
discuss one example which is of an exceptional 
, nitro-denvatives of dipbenylaiuinc o-sulphoxide, 

le tetranitro-compound is the most difficult to convert into tlie 

ie irir™ ■I’insral acids, hut it is the oiilv 

Ihsb transformed hy the action of heat. This 

coporti'on^* f “ containing an additional molecular 

P n of water, which is only removed with great difficulty, 
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and thus weight is given to tbe .^uspkion that the thienyl gi„„p 

“ThfexStionaflSrouT erthis snbstaLe is thus readily 

itenoe’.n this form would, according to the hypothesis row 
advanced, be more readily converted by heat into the azotkonmro 
compound than one which is incapable. 

Evidence for the existence of the thionyl group m this orthoforrr 
ha-felsewherc been given by one of the present authors (Train., 
V^ofi 89 6971 and by others (for example, Fromm and Rainn, 
.l,inn/c» ’l9W, 374, 90), and there can be no doubt that the salts 
which that group forms with acids are derived from that structoe. 
On reeardim- the diphenvlmethane o-sulphoxide from this poirt 
of view it is seen that the somewhat complex transforination into 
thioxan’thoninm and thence into thioxanthenol is merely the sne 
cessive removal of two hydroxyl groups from the ttnonyl group: 

In order to 'ascertain whether this process can he continued iinfil 
the methane carbon atom is saturated with oxygen, we have 
examined diplienylcarbinol o-sulphoxide : 

OH 

till 


so 


hoping to obtain tliioxantlione from it by similar reactions. Dc 
ever, wo have not been able to effect this rearrangement under t 
usual conditions. 

In conclusion, it may be remarked that this transference of oxygen 
from thionyl to methylene in the thiodiphcnylmcthane senes is not 
an isolated occurrence of that reaction, for a similar bchavioiii 
has been observed with open-chain compounds in which these gronp 
are adjacent. Smythe (Trans., 1909, 93, 349), for example bn 
noticed the formation of benzaldehyde and benzyl mercaptan Iron 
benzyl .siilphoxide and dry hydrogen chloride : 

Cf,H5-CnySO'CHyCcH5 = C„HyCH2-SH-tCcH5-CHO. 

Also, rummerer (Brr., 1909, 42, 2202) has met with a simik 
behaviour in pheiiylsulphoxyacetic acid, which yields piec. 
mercaptan and glyoxylic acid under the influence of minera aci ^ 
CeH5-SO-CIl2-CO,H - CcH.-SH p CHO-COaH, 
hut he found that with the ester of this acid {Ber., 1910, 43 , H 
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the Tcarrangemcnt may be carried out ’without rupture of the 
'tiolcculo, ethyl a-acetoxyphenylthiolacetate, 

CeH 5 -S*CH( 0 -aH 30 )*C 02 ‘C 2 F-, 

hcintr obtained by the action of acetic anhydride. 

Punimerer has advocated the hypothesis 409, 42 , 2282; 

^ec also Fromm and Erfurt, ibid., 3812) that these sulphoxides, con- 
laining the group 'CHo'SO*, may owe their instability in presence of 
ncids to a tendency to form an unsaturated sulphonium base which 
niider^oes the observed decomposition : 

K-CH^-SO-R — > K-CII./S-R ^ R'OHiS-R 

OH Cl 

Although no experimental evidence was advanced directly to 
uipport this conclusion, there can be little doubt in the light of 
:lic present experiments that it is correct. Pummerer, however, 
ukI apparently also Fromm (Fromm and Raiziss, Annalen, 1910, 
374. 90), seem to regard the sulphonium hydroxide and the 
netlivlene-sulphoxide as tautomeric. To justify this conclusion, 
.t is necessary to isolate these unsaturated fatty sulphonium bases, 
iiid, if ever this be succe.ssful, we consider it very doubtful whether 
;he hypothesis of taiitomerism will be borne out, for the experiment 
rvith the ester of phcnylsulphoxyacetic acid seems to point to the 
•oiiversion of the sulphonium hydroxide into the hydroxy-acid. 

At any rate, in the thiodiphcnylmethane series there can be no 
piestion of tautomerisrn between the diphenylmethane o-sulphoxide 
Old the carbothionium hydroxide, for the latter, when liberated 
'roia its salts with alkali, gives thioxanthenol and, so far as we are 
tware, not even a small quantity of the sulphoxide. 

It appears, however, that in certain solvents an equilibrium 
letween the thioxanthenyl chloride and carbotliionium salt may be 
stablished by means of free hydrocliloric acid : 

Cl 



or if excess of acid be added, tho latter salt is formed, whilst if 
he acid be removed (sec also Gomberg and Cone, 1910, 

^76, 183) the carbonium chloride is obtained. 


Experimental. 

The chief difficulty iu the way of these experiments was the 
R-eparation of thioxanthen in sufficiently large quantities; but this 
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has been met by tbe convenient synthesis of that substance from 
«-thiolbcnzoic acid and benzene i" 

(Davis and Smiles, Trans., 1910, 97 1290). Throxanthone 
then reduced to tbioxanthen by Graebe and Schultliess a method 
( inimlen 1891 263, 1), vthich consists in heating with phosphorus 
and hydriodic acid in sealed tubes. A specimen of the thioxanthea, 
which was employed in the following experiments melted atfe 
being recrystallised from light petroleum, at 128—129 , and ga,* 
tr'eqnisL analytical data. (Found, C = 79-l; H = 5-2. Cak. 

78-78; H = 5'0 per cent.) 


Oxidation of Thioxanihen. 


(a) }yith Jlydrogcii Dioxide in Acetic Anhydxjde: Diphenyl 
ethane c^Snlfhoride, solution of thia 

xantlien in acetic anhydride was gradually mixed with about twice 
the quantity of aqueous hydrogen dioxide necessary for complete con- 
version into sulphoxide. The mixture was then set aside at ih 
atmospheric temperature, being shaken at frequent intervals. After 
the lapse of a short time the temperature increased, but this was 
not allowed to rise above 35^, the reaction being checked by 
immersing the vessel in melting ice.^ If the mixture was kept at 
about 30°, the reaction proceeded quietly, and w^as soon complete. 
When no further rise of temperature was observed after removing 
the vessel from the cooling-bath, the mixture was poured on 
powdered ice. When the pale yellow, crystalline precipitate bad 
completely separated, it was collected and recrystallised from light 
petroleum, in which it is sparingly soluble, and diphenylmetham 
o-sidphoxide was obtained in soft flakes, melting at 109 110°: 

0-1325 gave 0-3561 CO. and 0-0489 H.^O. 0 = 73*28; H = 4*10. 
0-1214 „ 0-3210 CO 2 „ 0 0462 H.O. C = 72-78; H = 4-2. 
CigH^yOS requires C = 72'90; H = 4-6 per cent. 

The compound is insoluble in water, and sparingly so in ether. 
When dry ferric chloride is added to a solution in the latter 
medium, a double salt is precipitated in fine, yellow needles. This 
behaviour has been observed with other aromatic sulphoxides 
(Hofmann and Ott, lier., 1907, 40 , 4930), and appears to be 
characteristic. The action of heat and acids on this sulphoxide h 
described later. 

In the preparation of this substance, it is important to preven 
the temperature rising above the limit mentioned, other-wise t ® 
reaction is apt to get out of control, and when this occurs t ® 
product is almost entirely diphenylmethane o-sulphone (m- f 



REABHANGEMENTS of DIPHEN'YLM ethane o-sulphoxlde. 155 

Also, ifc is advisable to employ only small quantities 
—about 5 grams- of thioxanthen. 

}Vith rotamuin Permmujamite in Acetone. — The sulphoxide 
Diay also be prepared by a process similar to that applied to 
T-uiethylthiodiphenylammo (Barnett and Smiles, Trans., 1910, 97, 
188). The calculated amount of permanganate was added in small 
portions to a solution of thioxaidhert in acetone, which was kept 
faintly acid with sulphuric acid during the reaction. After .pouring 
tlie mixture into water, and removing any oxides of manganese by 
the addition of sulphurous acid, a quantity of the sulphoxide was 
obtained ; but the yields \vcre not good, the product being con- 
taminated with sulphone. 

(c) M' ith Hydrogen Dioxide in jVeeiic Acid: Di'pJienylmetha.ne 
o^Snlyhone. v f^^^d Thioxanthojie. — Excess of con- 

centrated hydrogen dioxide was added to a boiling solution of 
thioxanthen in glacial acetic acid. The action proceeded vigorously, 
and the temperature was maintained at the boiling point for a few 
minutes. 

On cooling the liquid, a quantity of diphenylni ethane o-sulphone 
separated in colourless needles (m. p. 170°). (Found, C = 67-8i 
II-4*2. Calc., C = 67-8; H — 4-3 per cent.) No other oroduct wag 
isolated from the reaction carried out under these conditions. 

Other experiments were made in which approximately equi- 
molccular proportions of hydrogen dioxide and thioxanthen were 
employed. In these experiments the peroxide was added to a cold 
dilute solution of thioxanthen in glacial acetic acid, the mixture 
being then slowly warmed to the boiling point. On cooling the 
contents of the fla.gk, thioxanthone separated in the characteristic 
yellow needles. It melted at 209°, and was identifled by a mixed 
melting-point determination. 

The different course taken by the process of oxidation under these 
sets of conditions has been dealt with in the theoretical part of 
this paper. 

Constitution of DiyhenyJmrthanc o-Sulyh oxide. 

(a) Oxidation.- Two grams of the sulphoxide were dissolved in 
cold glacial acetic acid, and an amount of potassium permanganate 
corresponding with one gram-atom of available oxygen for every 
gram-molecule of sulphoxide was gradually added.* The reaction 
was assisted by shaking, and when it was complete the mixture was 
poure into cold water and then mixed with sulphurous acid. The 
colourless solid was collected, and finally crystallised from acetone. 

Tbenylmethane sulphone was thus obtained in small, colourless 
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nrisms, which melted at 169“ (Graebe, loc. cit., gwes 168“, and 
Lpworth, Trans., 1898, 73, 408 gives 169^1 lO ) (Found, 
(_; j67.61' H = 4'37. Calc., C = 67'82; H = 4-3o per cent.) 

ill) Ik’hai'ioKr kM PJieirylcarbimUe.—A solution of the sulplj. 
oxide in excess of plienylcarbimide was set aside at the atmospheric 
temperature for some days; after the lapse of that time a very fe» 
crystals of dipheiivlcarhamidc had separated, otherwise no inter, 
action could be detected (compare thioxanthenol, p. 157) 

(c) Hehavwur ivlth Benzoyl Chloride . — A slight excess of benzoyl 
chloride was slowly added to a cooled solution of the sulphoxide in 
nviidiiie After being kept at the atmospheric temperature for 
twenty-four hours, the mixture was poured into excess of dilute 
aqueous sulphuric acid. The oil which then separated quickly 
solidified. The product was recrystallised from light petroleum, 
from which it separated in the soft crystals characteristic of the 

sulphoxide. - i 

These melted at 109—110^, whether alone or mixed with a sample 
of diplicnvlmethaue o-siilphoxide. No other product could be 
isolated from this reaction. It is evident that, under the condilions 
given above, diphenylmetlianc o-sulphoxide does not react with 
benzovl chloride (compare thioxanthenol, p. 157). 

It may be remarked thah a mixture of this sulphoxide with 
thioxanthenol melts at a lower temperature than either— at about 


70 — 75' 


if nearly equal quantities be mixed. 


Consfilnlion of 


Thioianthcnol, ^ 


We at first attempted the preparation of this substance by the 
method described by Werner {Ber., 1901, 34, 3310), who added 
zinc dust to thioxanthone, which was suspended in a boiling alcoholic 
solution of sodium ethoxide. The product obtained by this method, 
however, melted indefinitely at 150—155°, and appeared to he a 
mixture of at least two substances, and we therefore adopted the 
use of potassium etlioxide in place of sodium ethoxide, as recoE- 
mended by F. Mayer {Bcr., 1909, 42, 1132). The substance used 
in the following experiments melted, after being recrystallised from 
light petroleum, at 103 — 104'^. (Found, C = 72'8; H = 4'66. Calc., 
C = 72'9j IT. -4'67 per cent.) 

The yield of the substance obtained by this method, is not always 
good, and it varies considerably. So far as we have been able to 
ascertain, the yield is favoured by allowing the reduction to proceed 
vigorously, by excluding air from the vessel to prevent oxidation of 
the thioxanthenol, and by not allowing the temperature to rise too 
high on prolonging the reaction, otherwise thioxanthenyl oxide may 
be formed. 
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(fl) Oxidation of thioxanthenol with potassium permanganate in 
glacial acetic acid was carried out in a manner precisely similar to 
that described with diphenylmethane o-sulphoxide. 

The product crystallised from acetic acid in yellow needles, which 
melted at 209"^, and possessed all the properties of thioxanthone, 
(Found, C~73*9; H = 4 0. Calc., C = 73'6; H = 3'8 per cent.) The 
vield ^vas good, and no other product was isolated. 

(h) Behai'iour with Phenf/lrarbimide.--A solution of dry thio- 
xantlienol in phenylcarhimide, when kept at the atmospheric tem- 
perature, quickly gave a copious deposit of a crystalline substance. 
After the lapse of a few days this was collected. It was apparently 
a mixture, but after being twice or t-hrice recry staliised from 
absolute alcohol, it furnished diphenylcarbamide (m. p. 236 — 238°). 

It is difficult to say whether this is formed by a decomposition 
of a carbamate during crystallisation, or by the mere withdrawal 
of water from the thioxanthenol. In any case, the behaviour of 
thioxanthenol with phenylcarhimide is quite different from that of 
diphenjlmethane o-sulphoxidc. 

(c) Benzoylation of thioxanthenol was effected in pvridine solu- 
tion with benzoyl chloride. The treatment of the reaction mixture 
was the same as that applied in the case of diphenylmethane 
o-sulphoxide (p. 156). The product, benzoylthioxanthenol, was 
crystallised from alcohol, w'heu it w’as obtained in leaflets of a pale 
yellow tint; these melted somewhat indefinitelv at 124 — 128°: 

OT040 gave 0-2859 COo and O'OIU ILO. C -74-98 ; H = 4*42. 

requires 0-75*48; H-4-4 per cent. 

The interaction of acetyl chloride and thioxanthenol in pyridine 
solution furnished thioxanthciiyl oxide (see p. 159), and the same 
substance was obtained by interaction with hot acetic anhydride. 
Tiiioxantbenol is further clearly distinguished from the diphenyl- 
methane o-sulphoxide by the interaction with ferric chloride. When 
this substance is added to an ethereal solution of thioxanthenol, the 
red ferrichloride of Ihioxanthouium is obtained as a crystalline 
piecipitate. The sulphoxide yields the normal yellow addition 
product. 

Salts of Thioxanthenium, 

(flt) From rhioxanthenol . — Thioxanthenol dissolves in concen- 
trated sulphuric acid or in alcoliolic hydrogen chloride, giving deep 
red solutions of the corresponding salts of thioxanthonium. The 
su phate may be obtained in the solid state by adding a drop of 
sii phuric acid to an ethereal solution of thioxanthenol. 

'ilmxanthonium chloride was prepared by saturating an ethereal 
80 u ion of thioxanthenol with dry hydrogen chloride at 0°. The 
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liquid rapidly assumed a deep red colour, and, rvheu completely 
saturated with the acid, it deposded a copious crystalline pre- 
Cinitate Thioxaiithcniiiin chloride crystallises m brick-red necdfe 
wfth a metallic lustre. It is readily soluble in alcoho he hydroge,, 
chloride, and sparingly so in ether which h^ been saturated with 
that acid. It is rapidly hydrolysed by water or solvents such ,, 
alcohol riving thio.xanthenol. Analysis of this chloride was not 
directly effected, for after tlio crystalline material had been collected 
and immediately placed over alkali m a vacuous desiccator oo 
porous earthenware, it was rapidly transformed into the colourless 

thioxantlienyl chloride. i j ^ f uw • 

For analysis the substance converted into the stable fern- 
cliloride This substance obtained by adding an ethereal solu- 
tion of anhydrous ferric chloride to the deep red solution obtained 
hv saturating thioxanthenol in ether with hydrogen chloride 
When prepared in this nianner, thioxanthommn ferncMondc 
forms bright red needles, which melt at 193—194°: 

0*1313 gave 0-1889 CO. and 0 0287 H.O. 39-23; H-2'43. 
0’1747 „ 0-0355 Fe.Os- Fe- 14-22. 

Cj 3 HoClS,FeCl 3 requires C-39-5; H-2-28; Fe-U'lS per cent. 
(b) From Di'phenij I methane o-Sulphoxide. The solution of this 
siilphoxide in concentrated sulphuric acid has the same appearance 
as that of thioxanthenol, and on adding water to it the latter sub- 


stance is precipitated. 

The action of alcoholic hydrogen chloride on the sulphoxide is 
slower than with thioxanilieiiol, but the red solution of tbio- 
xanthonium chloride is finally produced. The best method af 
preparing the chloride in the solid condition from the sulphoxide 
is to work in ethereal solution as with thioxanthenol. The product 
wa^ identified by conversion to the ferrichloride mentioned in the 
foregoing paragraph. The crystalline sample obtained melted at 
190°! (Found, C = 39'66; H-2-8; re-14-20. Calc., C-39-bOj 
H-2-28; Fe- 14-18 per cent.) 


Thioxunihemjl Chloride, 

When the solid thioxanthonium chloride is kept in a vacuous 
desiccator over solid alkali hydroxide to remove excess of acid, tlic 
red crystals of the substance rapidly break up and lose their colour, 
the mass finally becoming almost colourless. Analysis was con- 
ducted with a sample which had been dried in this manner : 

0 1203 gave 0-2973 00^ and 0 0421 HgO. C - 67*47 ; H = 3 ' 89 . 

CigH^ClS requires C = 67-11; 11 = 3*87 per cent. 
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Reasons for assuming the carbonium structure for this substance 
liave been given in a foregoing paragraph. 

Thioxanthenyl chloride is soluble in ether, and melts at 1 12 — 1 1 3 ° ; 
there is no doubt that in the pure condition the substance is colour- 
less, the pale colour of these samples obtained being due to traces 
of enclosed thioxanthonium salt. The substance wajg not re- 
crvstallised on account of the extreme ease with which it is 
jiydrolyscd. Evidence of this hydrolysis is furnished by estimations 
of chlorine at intervals after preparation, the sample remaining 
over calcium chloride in a desiccator which was frequently opened : 

After one day, Cl = 13‘68; after three days, C1-::12‘3.S; after five 
days, Cl -10-51. 

Ci^HgClS requires Cl -15-27 per cent. 

Thioxantlienol, 

[n) From Thmmnthtnyl Two experiments were per- 

formed; in one the chloride was saturated with water, and in the 
other with ddute alkali hydroxide. The solid material was 
extracted with ether, and finally crystallised from light petroleum. 
In each case thioxanthenol and thioxanthone were obtained; these 
were identified by their melting points, alone and mixed with other 
samples of these substances. There is no doubt that the latter 
substance is formed by oxidation of thioxanthenol by atmospheric 
oxygen. 

(i) From Thioxanthonium SrrZf?.— The various salts of thio- 
xanthoniura, for example, sulphate and chloride, are readily con- 
verted into thioxanthenol by excess of water. An experiment was 
also made with the ferrichloride, of w-hich the details are given, 
llie salt was triturated with cold aqueous alkali hvdroxide, and 
the precipitate which then formed was collected, dried, and extracted 
with alcohol. The solution deposited thioxanthenol, melting at 
103-105"==. (Found, C-^72-6; 11-50. Calc., C-72-9; n-4-6 
per cent.) 

Thioxanthenyl Oxuh, 

(a) From ThioxanthenoL—A. few grams of this substance were- 
eated in a bath at 1 20"=^. After the lapse of about one hour, the 
material had resolidified to a dark-coloured, crystalline cake. This 
^as rcerystallised from boiling glacial acetic acid, when thio- 
xanthenyl oxide was obtained in pale yellow needles, which melted 
at 314—315°: 
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0-1401 gave 0-3918 CO. and 0‘0558 H.O. C = 76'25; H=4-43. 

C 2 eH,gOSo requires 0-76 08; H-4;'39 per cent. 

The substance is very sparingly soluble in cold glacial acetic acid 
and is decomposed by mineral acids, giving red solutions of thio! 
xanthonium salts. 

From the mother liquors of this preparation thioxanthone ’was 
isolated (m. p. 208°; C-73-4; H-4-5. Calc., C = 73'5; H-3‘7 pej. 
cent,), being formed by oxidation of the thioxanthenol by 
atmospheric oxygen. 

It was later found that thioxanthenyl oxide is formed in better 
yield and in a purer condition by boiling a solution of thioxanthenol 
in glacial acetic acid. The substance is rapidly deposited from tbe 
boiling solution in the crystalline state, 

(6) Frojd Di'phenyhnethant o-Sulpho xidt method employed 
was the same as that described with thioxanthenol, except that tbe 
heating was continued for a longer period. The yields of thio- 
xanthenyl oxide was not so good as in the former case, and the 
substance was not so easily obtained in the pure condition. The 
sample obtained by recrystallisation of the product melted at 310^. 
(Found, C = 76-38; H = 4-48. Calc., C = 76'08; H = 4-39 per cent) 

As with thioxanthenol, much better yields are obtained by boiling 
the sulphoxide in glacial acetic acid; the oxide is then precipitated 

from the cooled liquid in an almost pure condition (m. p. 314 315° 

C~76-05; H = 4-8. Calc., C = 76-08; H = 4-39 per cent.). 

When experiments were made yvith other boiling solvents, it 
appeared that the transformation of the sulphoxide depends not 
only on the temperature of ebullition, but on the nature of the 
liquid. For example, a solution of the sulphoxide in pyridine was 
boiled (115°) for some hours, but almost the whole of the sulphoxide 
employed was recovered (m. p, 109“; C = 73-l; H = 4-9. Calo., 
C = 72'9; H = 4-G per cent.). 

In conclusion, w’e desire to express our thanks to the Research 
Fund Committee of the Society for a grant which has partly 
defrayed the cost of these experiments. 

The Orgaxu; Citemistuy Ueouatoky, 

UxiVEiisiTV College, Londox. 
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XX. — 0‘Carhoxyanilides of the Sugars. 

Bv James Colquhoun Irvine and Alexander Hynd, M.A., B.Sc. 

(Carnegie Scholar). 

In papers recently published from this laboratory it has been shown 
(Trans., 1908 , 93 , 1429 ; 1909 , 95 , 1545 ) that the condensation of 
reducing sugars with amino-compounds may take place in two 
distinct ways, according as the sugar reacts as an aldehyde or as 
a y-oxide. One of the compounds discussed in this connexion was 
glucose-O'Carboxyanilide, the reactions of which indicate that the 
linking of the sugar residue with anthranilic acid takes place 
through nitrogen. As this result bears directly on the general 
question of the formation of sugar complexes containing nitrogen, 
A-e have examined the behaviour of other sugars towards anthranilic 
rcid, and have succeeded in preparing compounds analogous to 
ducose-O'Carboxyanilido from galactose, rhamnose, mannose, and 
:naltosc. Condensation also proceeded in the case of fructose, but 
ao definito compound was isolated, whilst lactose did not react, 
riiis negative result is in itself significant, a-s lactose is probably 
:he only reducing sugar which forms a true aldehyde-ammonia 
compound. 

The condensation proceeded easily in dilute alcoholic solution in 
Lhe cold; all the compounds w'ere found to react as acids, and the 
mupling of the anthranilic acid therefore takes place through the 
iinino-group. In other respects, also, the carboxy anilides resemble 
;he corresponding anilides closely, but are more unstable, so that it 
.s impossible to confirm their structure by the methylation process 
Joe. cit.). In the following table it is shown that in each case the 
’ompoimds display miitarolation which is strictly comparable with 
hat undergone by the corresponding unsubstituted anilides and 
ay the methylated anilides, for which the y-oxidic structure has 
dready been established. 


Mutarotation 


tnilidfi 

aiiili.li,- 

ai'ilii.lfe',.. 


Glucose, 

+ 10 ‘ — > ~i,i 

-^+47 


* hi Tnias., 1909, 95, 1 
instead of - 14*5°. 


of Anihdes and Substituted Anilides. 

Galactose, Mannose. Klinmuosi,'. 3Ialtc)se, 

^ -7 - -y: — >-1-77 

-;7-->-far) -ps — ^ -;.7 _ 

-n > *4 -M4 o-— >-lnn .140' >403 

555, the permfinent vuUie for this compound is given as 


As the mutarotation of the carboxyanilides is exceedingly rapid, 
‘0 special significance may be attached to the magnitudes of the 
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initial specific rotations, but it will be seen that the three derivative? 
of each sugar show mu tarot ation of the same order, and it would 
thus appear that all the above compounds are similarly constituted 
It should be stated that it was only with the greatest difficulty 
that the above optical changes were observed, as the solutions 
generally attained equilibrium in a few minutes, and this suggests 
that other sugar complexes, at present regarded as existing in one 
form only, may possibly be composed of interconvertible forms, 

Condensation, similar to that described, seems also to take place 
boiweeii sugars and certain aliphatic amino-acids, as we have 
succeeded in condensing glucose with a-arainopropionic acid. The 
product of the reaction, glucoscalanide, does not display normal 
inutarotation, hut the compound behaves in a curious manner when 
heated in aqueous solution. The optical activity then diminished 
from [a]n to the constant value 24'6°, and it was only on 

subsequent treatment with dilute acid that the specific rotatioji 
increased to that calculated on the assumption that one molecular 
proportion of glucose had been formed on hydrolysis. This 
result may be explained in various w^ays. The diminution first 
observed may re due to the establishment of an equilibiium 
between a- and iS-.b^rms of a glucosidic glucoscalanide, and the sub- 
sequent rise in rotitory power to normal hydrolysis into the coj 
stitueuts. An equally valid explanation would he that the sub- 
stance under examination was a mixture of stereoisomeric formj, 
which was partly hydnlyscd by water and completely hydrolysed : 
by acids. Such a mixtire might contain ol-glucose-tf-alanide ar' 
r/-glucosc-/-ala.nide, or a-glucose-r-alanide and ^-glucose-r-alanidf 
In all probability, the compound is a mixture of the a- and j3-fcrmi 
which are interconvertible in the neighbourhood of 100°. Th 
instability of the substance i reveated further work on this question 
and the sparing solubility of aliphatic amino-acids in dikte alcoho 
proved an obstacle in attempts to prepare other examples of thii 
type of compound. 

As a convenient method of gaining an insight into the stractim 
of sugar derivatives is to study the corresponding alkylated com- 
pounds, we have attempted to prepare a series of condensation 
products from lelraTiiethyl gluccse analogous to those described ia 
this paper and in previous publications. Unexpected difficulties 
were, liowcver. encountered, in that, although unsubstituted sugars 
are iiuicli less reactive than alkylated sugars so far as condeesation 
with hydroxy-compounds is concerned, the reverse holds true 
the union of (lie condensed residues takes place through nitrogeS' 

It seems therefore tlral the use of alkylated sugars in this connexion 
will prove of limited application. 
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'We find that tetr am ethyl glucose does not give a definite con- 
densation compound with anthranilic acidj or with alanine, and, 
tvhen heated in alcoholic solution with y>-phenetidirie, jS-naphthyl- 
amiiie, or with semicarb azide, the reaction does not proceed so 
nnoothly as in the case of glucose. A well-defined j)-toluiclide was, 
however, obtained, which reacted like a glucoside towards silver 
5 Xide and methyl iodide, and showed extensive mutarotation. In 
sharp contrast to glucose, the alkylated sugar was not affe«ted by 
ammonia or by hydrogen cyanide in the cold. Reaction proceeded 
in each case at higher temperatures, but in the latter instance 
resulted in the formation of ammonium tetramethylgliicoheptonate. 

Incidentally, we have made a further examination of tetra- 
nifthyl glucoseoxime, with the object of ascertaining if the compound 
shows mutarotation. In previous work (Ti'ans., 1908, 93, 100) no 
indication of this change could be detected, although the structure 
a.ssigued to the compound, on the evidence afforded by alkylation, 
would obviously involve the existence of two interconvertible forms. 
We have now succeeded in obtaining, by crystallisation, one form 
of the oxime giving the change + 23° —> 30° in methyl- 
alcoholic solution, and, as in previous cases, tlie reverse optical 
change (36° — >-30°) was shown by the compound after fusion. The 
analogy between the methylated and unmcthylatcd oximes is thus 
complete. 


Expeutmuntat.. 

0 aid eto&e-o-i‘ar h o 

Ten grams of galactose (1 mol.) were boiled with 200 e.c. of 
alcohol (80 per cent.) until tlu^ sugar had pa.ssed into solution; 
1 j grams (2 mols.) of anthranilic acid were added, and the liquid 
cooled. After seventy hours, the rotation had diminished to the 
constant value [a]^, +17°. The bulk of the a.lcoliol was then 
removed under diminished ju'essure, the ])rodnct separating from 
tho concentrated solution in aggregates of small needles. The 
united crops "were washed with dry ether and dried in a vaennm. 
[Yield, 60 per cent. 

t The compound proved to be too unstable to permit of purification 
Bn hulk by recrystallisation. The only method of purification pos- 
sible was to boil the subctanco for a considerable time with carefully 
burified ether, and afterwards to crystallise rapidly from etliyl 
plcohol. The use of more than two grams of material in the 
fcrystallisation resulted, even on spontaneous evaporation of tlie 
Nvent, in the separation of some free sugar. The compound 
witains one molecule of combined wmter, whicli was onlv completely 
VOL. XCIX. „ 
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removed by beating to 90°/ 15 mm. for several hours. Analysis of 
the dry residue gave: 

Found, C = 52'50; H-5-72; N = 4-68. 

CisH.AN requires C = 52’17; H = 5-68; N = 4-68 per cent. 

The high carbon value found is probably due to the presence of a 
trace of free anthranilic acid, as the analytical figures were improved 
after heating the substance with a little alcohol. 

The' compound reacts feebly acid to litmus, and contains the 
carboxyl group, as a definite barium salt was obtained hy 
neutralising a solution in 50 per cent, alcohol with harium hydroxide 
and precipitating with excess of alcohol. The barium content 
found for the dry product (Ba-IO'G per cent.) excludes the possi- 
bility of this precipitate being cither harium o-aminobenzoate or 
barium galactosate, and shows the salt to be the harium derivative 

of galactose-o-carboxyaiiilide (CooHsPi^NuBa). 

As the mutarotatory changes shown by the carboxyanilide are 
complete in a few minutes, only small concentrations may be 
employed, in order to limit, so far as possible, the time interval wliidi 
must elapse between contact of the solvent and the first observed 
rotation. The initial values found thus showed considerable 
variation, but the pcnnaiicnt values were quite uniform. 

Solvent : Sthyl alcohol c- IT 580. MutaroUiiion, [aj’' - 

The compound thus exists in two interconvertible forms, ami 
judging from the results of a polarimctric study of the condensation 
carried out as described in previous papers, the loevo-form is tlic 
first to be produced, and is formed almost immediately. 


M a n n ose-o-ca rh oxijan Hide. 

When an alcoholic solution of mannose is boiled with antliraiiilic 
acid, partial decomposition of the acid results, and no definite 
product seems to be formed. The method of slow condensation in 
the cold proved more successful. Ten grams of the sugar (1 moli 
were dissolved in 100 c.c. of alcohol (80 per cent.), and allowed 
to attain constant rotation; 15 grams (2 mols.) of anthranilic acid 
were then added, and the solution kept at the temperature of the 
room. After twenty-four hours, a colourless, gelatinous precipitate 
separated. This was removed by filtration, and the mother liquor 
put aside for three months. In this way the condensation product 
was obtained, in nearly quantitative amount, as long, colourless 
needles. 

Tho compound was easily purified by recrystallisation frow 
absolute ethyl alcohol, separating in small needles, melting at j 
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from an 8 per cent, solution, and ae a jelly from more concentrated 
solutions. Analysis showed the presence of one molecule of water • 
Found, C = 49‘26; H = 6-02; N = 4-51. 

requires C=.49-21; 14 = 5*99; N=:4*41 per cent 
iiolvtnt : Methyl alcohol, c = 2*04 1. Mutarotation^ [aj^ 29-4° ^ _ o [ .pi 

mtdTnnose-o-carhoxyanilid e. 

On dissolving two molecular proportions of anthranilic ^cid in 
a 10 per cent, so lut.on of hydrated rhamnoso in 75 per cent, alcohol 
a rapid fall in the dextrorotation resulted, and, after eight hours 
an abundant crop of crystalline product separated. The mother 
liquor was worked up a, rn other cases, and yielded additional crops 
''r, ”^^riy quantitative. After purification frL’ 

«as obtained in fine needles, melting 
at lb 168 . Although prepared in aqueous alcohol, and from 
hydrated rhamnose, the compound was anhydrous: 

Found, C = n5‘20; H~6-26; N'- 4 - 95 _ 

requires C = 551)8; H = 6 06; N = 4-94 per cent 

displays the usual solubilities and 
properties of these condensation compounds, but is characterised by 
unusualljyapid mu arotation. The change is, in fact, not detect 
able n, ethyl or methyl alcohol five minutes after the first contact 
o .solvent and solu e. Low concentrations wore therefore used and 
the 1.11 ml values have little significance. The change is, however 
much stower in pure pyndine, but even then is complete in twenty 

Solvent. Initial fap-, p; , r rcunired to e.stablisli 

Mrtl,vl alcohol '^Vn'ibiunn. 

„ ^ 2 -c) 5 minutes 

I^yi'idine 14 g.^ th ary 5 minutes 

“ !^0 minutes 

J/al toir-chcarh o:icyau Hide. 

The formation of this compound takes place slowly in the cold. 

p?:;ri 

decomposed by solvents thaf ’+ substduce was so easily 

Ike melting pohit (isalj vso/ purified, but 

ike prepafation to h ' ■) examination showed 

Nfikt reo" 15 mm Z “ 

ombined water: ’’ contained one molecule of 
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Found, C=:^47‘62; II -6-07; N = 2‘75. 

0 , 9 lIo 70 j 2 N,H^O requires C = 47'60 ; H-G'OS^ N — 2*92 per cent, 
The mutarotltiou was, for this type of compound, comparatively 
slow. 

Holvml-. Methyl alcohol, c - 0-9195. ifutarolation, [o]r + 48-9'>->68-0' 


L7^/coi.Y7//rzm*f/e. 

Owing to tlie insoluhility of alanine in alcohol, and also to the 
instability of the procluct/tlie preparation of this compound pre- 
scntcd considerable diinciilty. The condensation may, however, he 
canicd out in dilute alcoholic solution either at the boiling point 
01 ' in tliG cold, but only in the latter case can the product ho 
obtained iii the crystalline state. 

A o'O per cent, solution of equilibrium glucose in methyl alcohol 
was kept at the lioiling point under a condenser, and slightly more 
than one molecular proportion of alanine added. The add was 
dissolved in water (c = 10), and the solution introduced drop by 
drop from a side-tube, wliich was kept warm so as to avoid the 
formation of nuclei of the acid. The resulting solution was litially 
boiled for piiibt hours, the specific rotation, calculated on the sugar 
used, diminisliing in this time from +53° to 32 . The solvent 
was removed in a vacuum, the I'csiduc dried at 100^^, extracted with 
inclliyl alcohol and precipitated with ether. The product was an 
amorjdious powder, which deliquesced in air, and could not be 
ol>tained crystalline : 

Found, C-43-G4 ,; II 0*82. 

(h,lIi 70 ;N requires (1-43 03 ; II^G'77 per cent. 

A better result was obtained by the metbod of slow condensation 
in tlie cold, the solution of sugar and acid being prepared as ahead} 
described. After ten weeks the liquid was filtered from a trau 
of alanine wliicli bad separated, and evaporated in the usual manner 
The I'csiduc consisted of delicate non-deliquesceiit needles, whid 
softened at 1 UP, and melted williont decomposing at 114° Xf 
crystallising iiH'dium could be found, all attempts at purificatioi 
resulting in decomposition: 

Found, C — 42*70; If — G'S7; K--5’75. 

requires (.l --43’03; Li — 6*77; N = 5’58 percent. 
(lhicotn(thi tilde is freely soluble in alcohol or water, but no niiita 
rotation was detect ('d in either solvent in the cold. When a' 
af[iieous solution of the compound is heated to optical change 
which a-vc summarised below: 
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Solvent: Water. c = r001. 


Specific rotation (permanent at 20®) -f 

,, after two hours at DO'" 124 0® 

” ,, after hydrolysis with dilute acid i39-a'' 


The latter value, wlien corrected for the w'ciglit of glucose formed 
CXI liydrolysis, gives [a]p h5°, so that presumably this siigar^ is tho 
f>nlv"ac(ive product of the change. This result is discussed in the 
introduction. 


yitrofjcn Der'traftcv.'i from Trf m mrtfnjl (Jl arose. 


As a rule, no reaction takes place between tetrainctliyi glucose 
and ainiuo-compounds in the cold, and, at higlier temperatures, 
the condensation is generally incomplete. Owing to salubility con- 
siderations, the separation of the unaltered sugar is difficult. The 
p-phenetidide, )3-naphthyl amide, and semicarbaxoire proved to be 
syrups, and, a-s the compounds were prepared by standard methods 
; and no examination for mutarotation was possible, detailed descrip- 
tion is unnecessary. 

Action of Animoniu.— A 5 per cent, solution of the sugar in dry 
ether was saturated in the cold with dry <ammonia., and after two 
davs the solvent was removed in a vacuum. The product consisted 
entirely of unaltered sugar, and a duplicate experiment, in w^hicli 
inetliyl alcohol 'was used as solvent, also gave a negative result in 
tlie cold. On heating the latter solution at 90'"’. it was found that 
tlie activity diminished and became constant ([ct],, -r43°) after 
twenty-five hours' treatment. The solvent was removed in a 
vacuum, and the residual syrup extracted in tlie cold with light 
petroleum. The extract contained an oil the reactions of which 
corresponded with those of a condensation product, but the 
a?ialytical figures obtained were not sufficiently accurate to dis- 
tinguish between the aldehyde-ammonia compound and tetramethvl 
glucoseimine. 


Action of Hydrofjen Cyanide . — Botli ethereal and alcoholic solu- 
tions of the sugar remained unaltered in rotation wlicn saturated 
with dry hydrogen cyanide and kept for several days. Experiments 
showed, however, that in methyl-alcoholic solution, reaction took 
Iplace slowly at 90°, but after twenty hours’ treatment the solution 
became too dark in colour to admit of further polarimetric readings, 
[The solvent and hydrogen cyanide were removed in a vacuum, and 
unaltered sugar extracted with boiling petroleum. The undis- 
fcohed crystalline residue gave the reactions of an ammonium salt, 
pud the methoxyl content found was OMe=40‘47 per cent. This 
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result is in itself sufficient to show that the condensation is accorn- 
panied by hydrolysis, and that the compound described above is 
the ammonium salt of tetramethylglucoheptonic acid (Calc,, OMe = 
41-47 per cent.). 

Ttiramethyl This compound was prepared 

exactly as in the case of the corresponding anilide {loc. ciL), heating 
being continued for two hours, after which the solvent and excess 
of the ‘base were removed in a vacuum. The product crystallised 
in long prisms from light petroleum, and melted at 144®: 

Found, C“62'46; H^8'10; OMe = 37-7, 

Cj-II>-0-N requires C = 62'70; H — 8’37; OMe~38 1 per cent. 

Unlike the unmethylated toluidide, the compound shows no 
tendency to exist in hydrated forms, and thus the examination for 
mutarotation w'as unattended by complications. 

Solvent: Methyl alcohol c = 1-093. Muiarotation, [ajf -f 156-5° ->535^ 

The compound was recovered unaltered after prolonged heating 
with a large excess of silver oxide and methyl iodide, and is thus 
a -y-oxicle. (Found, OMe = 38-8 per cent.) 

Tetramctliijl Glucosm.rime.—1\\ct alkylated oxime w^as prepared 
as already described {lor. rit.), and recrystallised several times from 
a mixture, in equal parts, of dry ether and low-boiling petroleum. 
No mutarotation was detected so lung as the melting point was 
below 70®, but rapid crystallisation showed a continual rise, in 
melting point until the maximum of 8S® was reached. This pre- 
paration showed slight mutarotation, 

Solvent : Methyl alcohol c = 1 '50. MuiaroUilvm, [a]'^ , + 29*9 

After fusion for one hour at 100®, the same specimen, similarly 
dissolved, showed the reverse cliange; [ajf? 4- 36 ’4° — > SO'O'^ 

The authors gratefully acknowledge the receipt of a research grant 
from the Carnegie Trust in aid of the above investigation. 
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XXL — Cupritartrates and Analogous Compounds. 

By Spencer Umfkeville Pickering, M.A,, F.R.S, 
Tartrates. 

^-Cupritartrate No. 1.— When potassium or sodium hydroxide is 
added to copper tartrate, the amount required to produce alhalinity 
according to Kahlenberg {Zeitsch. phjsikaL Chem., 1895, 17 , 
5S6), and also according to Masson and Steele (Trans., 1899, 75 , 
7:25), 1'25 to 1'27 KOH for each ato7n of copper. The present 
author obtained similar values with ordinary ** pure potassium 
hydroxide, but on using sodium hydroxide carefully prepared from 
tiie metal, and a well- boiled solution of copper tartrate (which is 
soluble to the extent of O'Olo per cent, of copper), the value obtained 
was r34NaOH (variation from T36 to T32). Phenolphthalein 
was used as indicator. 

The product of the reaction is a deeji blue solution, which, on 
Hie addition of the excess of alkali, becomes violet-blue, constituting 
then Fehling’s solution. According to Masson and Steele, when 
alcohol is added to the neutral liquid, a crystalline substance 
separates out in the case of the sodium compound, but its com- 
position could not be determined, owing to its decomposition on 
drying. The corresponding potassium compound suft’ers no such 
decomposition, but it separates as a dark blue, gummy mass : on 
washing this with alcohol, and drying at 100^, a very dark blue, 
brittle, scaly substance was obtained, to whiidi Masson and Steele 
attribute tlie formula K.jO, Xo explanation, how- 

ever, was attempted of its constitution, although thev showed tliat it 
contained copper in the electronegative portion of the molecule, and 
that potassium tartrate was one of tJie products of the reaction 
yielding it. 

It is legitimate to question the purity of a substance obtained 
as a gummy mass, and it was found tliat with certain precautions 
it could be thrown dowm as a rather light blue precipitate, which, 
however, proved to be an emulsion ; tliis could be collected, dissolved 
in \\ater, and re-precipil ated. After the first precipitation, no 
difficulty was experienced in obtaining it in the emulsion form, but 
the emulsion became finer at each precipitation, and the operation 
could not be repeated more than live or six times. 

Two samples of the substance purified in this way gave the 
following values : 

A Found ; Cii:=:30-3fi K = 12-76 per cent, 

e. „ 011^31-24 K = 

Cilc. : Cu = 31-01 K= 12-72 


Rations :2 0.S 
, , ^ 3 : 1 -98 
,, =3:2-00 
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Samples less thoroughly purified contained excess of potassium, 
flue, no doubt, to the presence of potassium tartrate, with ratios 
lor Cii: K from 3 : 218 down to those quoted above, but in no case 
was a ratio found as high as that obtained by Masson and Steele 

(3 : 2'25). . 

The copper and potassium were determined, as in the case of the 
cuprieitrales, by igniting the compound, determining the copper 
as oxide, and tJie potassium as carbonate. As the subslaiice 
“ scatters on ignition, it was first decomposed by beating at a low 
temperature in\ large closed tube, then washed into a platinum 
ba.sin, evaporated, and ignited more strongly. Traces of copper 
always adhered obstinately to the dish, and some also passed throng]) 
the filter : these were estimated separately. 

A solution of the substance may be evaporated very easily, and, 
unlike the cuprieitratcs, it ra]iidly attains a constant weight at 
100°. On heating to a higher temperature, even to 110-115° it, 
bemns to decompose, and leaves a residue of copper oxide on 
dissolution. 

A solution evaporated until solidification begins, and left to stand, 
forms eventually a clear blue glass (obtained also by Masson and 
Steele), wliich contains about OILO : after many months this glass 
becomes sliglit ly cloudy, owing to the separation of cuprous oxide. 
Occasionallv the substance ba.s been obtained on evaporation in 
small quantities in feathery crystals, and a few crystals arc also 
ilepositcd sometimes on the sides of the vessel from the solution to 
which alcohol has been added. The dried substance, when exposed 
to the air, spirts in all directions, particles of it being projected to 
a distance of 12 or 18 inches. 

The molecular proportion, copper: potassium^S: 2 agrees 
that in a potassium cunrit art rate with copper displacing the 
hydrogen atoms in the alcoholic hydroxyl groups (I); it also agrees 


(C3U.,0,Cu)<|l^s^ 

Mol, wt. .o-riO'SIt. 

(I.) 


COJC 


yH,o,(CuO)<^^f^ 




Mol. wt. 615-0, 

(II.) 


exactly vdth the proportion of alkali which was found necessary to 
produce alkalinity, according to the equation: 

3C,H,0,Cci + 4KOH = {C^RfiyX:u^)CuK. + 

The molecular weight, ho-v^’ever, of such a compound is 560'9, 
whereas the minimum molecular w-eight deduced — taking the ratio 
Cu: K = 3: 2 — from the pcrccntagB of copper found is 619‘1, 
from the potassium 614’6, mean 616'8. Such a value agrees within 
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experimental error with formula 11, whicli represents all the copper 
as entering the molecule by the addition of CuO, instead of the 
Tiietal displacing an equivalent of hydrogen. Tlie CuO grrjup on 
Hjc right is represented as in the cupricit rates, with quadrivalent 
copper; the nature and method of connexion of t\\c otlier CuO 
groups will be discussed below. 

0 . 2, ^Vhen to a solution of tbc al)ove cupri- 
tartrate, potassium hydroxide is added in tlie proportion. of one 
iMoIecuIe, or more, to each atom of copper present, and the liquid 
heated, it soon becomes opaque, through tlie separation of much 
cuprous and cupric oxide in a very fine state of division. If the 
proportion of alkali added is less than O'SKOII, the liquid remains 
clear on heating, but yellow flakes oC cuprous oxide soj)a.ratc, many 
of which float on the surface of the liquid. With an intermediate 
prupoitiou, however, namely, 0-.3 to O’T KOI I, no cuprous oxide is 
foniied, Ijiit the liquid, on heating, hccomes deeper in colour, and a 
blue, gelatinous precipitate gradually separates, llie wliolc becoming 
semi-solid. If alcohol, iiisufljcient to cause precipitation, is added 
to the alkaline cupritartrate bcfoie heating, t lion, when heat is 
applied, the same substance is thrown down in a flocenlent condition. 
The precipitate in either case was found to be decomposed by 
washing witli water, and was, therefore, freed from adherent liquid 
by pressure in very thin layers lietwecii tiles. On drying at 100^^ 
it soon attained a constant weight, and tlieii consisted of a violet- 
blue powder. On rai.sing tlie temperature, slight blackening began 
at 110°, witli a loss in iveight corresponding with loss than 111,0 on 
the formula given below. Two samples, A \and //, prepared without 
alcohol, and two prepared 'with it, C and D, gave : 


FouikI : Cu ^ 33 -92 
,, Cu = 34'7r 

„ Ou = 35'04 

,, Oil ^31-54 

Mean: Cu-34-57 
Calc. : Cu=34'46 


K=-12'70 ])ei 

flaiio-. 7 : \ ge; 

K = 12'ti2 

,, -7:4-13 

K - 1 2 '25 , , 

,, -7:3*93 

K^12-61 

M =7:4*15 

K-12-.i4 

• . =7:4'l:3 

K-12'11 

„ =7:4*00 

1 , owing to .'!]M;illno.^.s uf 

•SlUIJ'lo. 

I'Oiild probably l;c 

higb. owing to the 


1 aui^scaucoj laKing, tlierclore, the 

molecular ratio as being 7:4, the compound may he represented 
on the alcoholic hydroxyl theory by the formula III, or on the 
views suggested by tbe results with the cupritartrate No 1 and 
Jilh the cupricitrates, by the formula lY, wliidi depicts it as a 
derivative from two molecules of the first cupritartrate by the 
substitution of an atom of copper for two of the hvdroxylic hydro-en 
atoms : .... & 


[{C4lI,CaO,).,CuKJ,CuO 

Mtih wL 1201 ‘5. 

(IH.) 
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Cu'''0 

I 

/CO 2 

C,H.O,(CuO)Vco„K 


Mol. wt. 129r5, 
(IV.) 


^2^>(CuO)C2HA. 
KCOj ^ / 2 . 


The ■•nolecular weight deduced from the copper percentage is 
1287, which Agrees well with the formula IV, but is 86 units 
higlier than that required by formula III. 

The formation of this substance from hto. 1 by the action „( 
notassium hydroxide involves the formation at the same time oi 
some other cupritartrate, similar to those described by Bullnlieiinet 

and Seitz (see below). , ■ j 1 ■ 

fiJ'unnUtrtrale Jo. J-When the laat-mentioned compotiml 
separated from the liquid from which it has been precipitated, and 
sliakcn with a large volume of water, it is decomposed, much copper 
passing into solution, and a denser violet-blue solid being left. 
This in its turn, is decomposed by water, but only very gradnally. 
tbc wash-water, when it is washed by decantation throughout iiianv 
dava, containing continuonsly about O'OOI per cent, of copper, after 
which it falls to faint traces or to nil, and the precipitate is tlicn 
found to have been deprived entirely of its potassium. 

The first product of the action of water, when dried at lOt-. 
yields a violet-lihic substance, which is so dark as to appe,ar almost 
black before it is ground. It attains a constant weight rapidly, 
and loses verv little further weight at 115°, when a darkemns: 
indicates that’ decomposition is heginning. Two samples, prepared 
from dilTerent preparations of Ko, 2, by washing until the copper 
contents of the filtrate, became constant, gave the results .1 and H 
below In the case of V. some of Ko. 2 was dried before tang 
wa,slied, and tlien washed on a filter with a little water, wliirli 
seemed to remove at once the hulk of the soluble copper. In I' 
some of the liquid containing the precipitated compound Ko. 2 'vas 
healed on a water-bath for tliree hours, and the residue collected 
and washed : 


J. Fouufl ; 05 - 37 ’47 
„ Cu- 37-13 

C. „ Cii-37’18 

D. „ 01 - 37 '44 

Milan: ('ll = 37 '31 
Calc. ; Cu = 37'59 


K = 10'76 per cent. 
K-lO’.'iS 
K = 1047 
K= 9 '98 
Iv = 10-68 
K = 11'56 


Ratio = 4 ; l’S( 
,, =-4:034 

„ =4:*i’0Ci 

„ -4:V7J 
=4:1*80 
-4:2’00 


This compound being, as mentioned above, deprived cveutiiaHy ot 
its potassium by water, the proportion of potassium formed vou 
naturally be low, and the most probable ratio of copper; pota^siu® 
is 4 : 2, which is actually attained in the sample C, when the action 
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of water was most restricted. Such a ratio would be given by 
formula VI below^, representing a cupritartrate with both the 
carboxvlic hydrogen atoms displaced by copper, and the calculated 
molecular weight agrees fairly well with that deduced from the 
percentage of copper, this giving 676 '5, against 682, whereas an 
analogous compound represented according to the alcoholic hydroxyl 
theory, formula V, would require a molecular weight of only 640“ 5 : 


(C!JT.jCuOg).^CiiK„,CiiO 
Mol. w[. 640 0 . 


(V.) 


^Cu''0 

Mol. wt. 676-5. 

(VI.) 


The relationship between the three cupritartrates is very simple, 
one molecule of No. 2 splitting up into molecules of Nos. 1 and 3. 

Other Cufritart rates . — When the cupritartrate No. 3 is washed 
continuously by decantation with successive additions of water until 
the liquid no longer contains any potassium, two different sub- 
stances are obtained according to circumstances; one of these is 
quite insoluble in water, is blue on drying at 100*^, and gave, as a 
mean, Cu — 43'49, HgO (lost at 155°) — 6‘23 per cent., values which 
agree with those for an ordinary basic salt, C4ll40(;Cu.Cu(0H)2, 
namely, Cu~43'ol, H.,0 — 617 per cent. The other dissolved 
sufficiently in water to give a faint reaction with fcrrocyanide, was 
of a violet-blue colour, and gave, as a mean, Cu — 48‘42 per cent., 
which agrees with the copper in a compound of a formula similar 
to VI above, with an atom of that metal displacing the two potassium 
atoms, namely, 48'02 per cent. 

Bullnheimer and Seitz {Jier., 1899, 32, 2347; 1900. 33, 817) 
obtained several tartrates and racemates which they represent on 
the alcoholic hydroxyl theory by the formula (C4HXuO,.)]Mt, for 
the single salts, and (C4H2CuO(t)Mt2,(C4lIoM'20,;)M'2 for the double 
salts. These formed deeply coloured crystals, were insoluble in 
alcohol, and dissolved in water, giving a strongly alkaline reaction. 
Unfortunately the alkalinity was not determined, and its existence 
is inconsistent with the single salts being represented by the above 
formula. These salts, also, in such cases as were examined, retained 
one molecule of water which could not be driven of! without decom- 
position, and which is probably constitutional water. The com- 
pounds would a.ppear to be analogous to Luff s cupricitrate, and it 
IS proposed to examine them in order to ascertain whether the 
formula suggested in that case (Trans., 1910, 97, 1844) will apply 
lo them also. 
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a-Cupntartra(e.~-The composition of potassium a-cupricitrate 
corresponded with that of a substance consisting of two pota^ssium 
ciipricitrate nuclei united by a molecule of pota^siocupric 
carbonate; such a view received further support from the fact that 
potassio cupric carbonate, although decomposed by water into a 
basic salt, dissolves freely in even a weak solution of potassium 
cupricitrale (Trans., 1910, "^97, 1845). Some carbon dioxide is given 
off during dissolution, owing to the simultaneous formation of 
another cuprientrate. A solution of potassium cupritartrate \Yas 
also found to dissolve the double carbonate, but in that case no 
carbon dioxide was evolved. 

A^arious ciiTurnstauces appeared to complicate the results in tlie 
case of potassium cupricarbonate, whicli was not so in the case of 
the analogous sodium compound, and this salt therefore was used. 
Kxccss of it was shaken up for some time with a stroiur solution of 
potassium cupritartrate No. 1 ; tlie quantity remaining undissolvd 
was determined by filtering, and decomposing the residue Avith 
Avater, It Avas found that rather more than twice as much of the 
double carbonate had dissolved as Avas required by the above- 
mentioned proportions. To the strong solution, without any of 
the Avasliings from the un dissolved residue, alcohol Avas added, and 
this precipitated all the copper present in the form of a light blue 
substance, which appeared to be partly solid and partly emulsion. 
The alcoholic liquid was found to lie alkaline, and contained about 
half (Found, 53 per cent.) of the sodium carbonate in the sodio- 
ciipric carbonate Avhich had passed into solution; hence the 
carbonates must have become combined with the cupritartrate in 
the proportion of llCuCO^: Na^COj. Analysis of the substance con- 
firmed this. After drying at 100'^, tAvo preparations gave the mean 
values : 

Found: Cii = 32-60 K^-10'07 Ka^2<96 pur eeut. Ration 8 : 1’02 ; 2-01 

Calc. : Cu= 32'87 K"10'll Iva = 2’97 ,, ,9 =8:4'00:2‘00 


This may be represented by: 

f[(Cpi,CuO,),CuK,Pl 
\ (CuC08)jNajC03 i 
JIol. \vt. 1475'0. 

(VII.) 

CO,K. 


CjlI,0.,(Cu0)^ 


x:o,K 


>(OuO)C.,U,0, 


'\C{ 0 Na)- 0 'Cu'C 03 'Cu- 0 -C(Na 0 ) 
Cu''CO, CO,Cii‘'’/ 


/ 


KCOV 


Mol. wt. 1547*1. 

(vni.) 
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The molecular weight deduced from the copper percentage ib 1560, 
and that from alkali metals is 1553, mean 1556, which agrees well 
with formula VIII* The formula VII, on the alcoholic hydroxyl 
theory, gives much too low a molecular weight, and, indeed, 
independent of this evidence against it, it is difficult to see how 
tlie constitution of such a substance can be explained on this theory 
at all. The alkalinity of tlio compouTid w-as found to correspond 
with the two atoms of sodium present. 

W'hen heated at 100° without previous drying, this substance 
appears to be partly melted and decomposed, but if diied previously 
over sulphuric acid, no such decomposition occurs. It tlien forms 
a light, violet-blue solid, which can be easily powdered. It begins 
to cliange in colour at 125°, and at 140° some carbon dioxide is 
evolved. From certain observations it seemed probable that otlier 
a-ciipritart rates, tliat is, cupiitartrates containing carbonate, 
o.xisted, especially when tlic carbonate used was that of potassium. 


SaccJuirateii. 

^-CupmacvlKu-atf.- Copper saccliaratc, prepared by double 
(Iccompositimi,* and liavitig the composition C(;]C0j,Cii.2ir.,0 at 
100°, requires 1 '491x011 to become alkaline, indicating the 
foriiLation of a compound analogous to the cupritartrate No. 3 
(p. 173): 

4C,.H,0,Cu GKOH - (C,JT,O0oCuK..3CuO -f 

On adtling alcohol to the blue solution tlius obtained, a bulky, 
light blue precipitate was formed, wliicli, wlicn dried at 10(kh 
appeared almost black, although it showed a violet-blue colour when 
ground. On dissolving it in water, and reprccipitating it, it became 
darker and more transparent at cacli precipitation, and finally it 
was so transparent that no preid pit ate could ])e recognised as present 
until the liquid was fdtered. 

Analyses of one preparation after four successive precipitations 
are given below (.1 to yyi), and indicate that e.xcess of potassium 
liydroxidc is present at first. In a second preparation a deficiency 
of alcohol was added for the first precipitation, and in that ease 
die composition of the precipilate remained unaltered liv repeated 
dissolution and precipitation (/f and A), agreeing witli that of tlic 
product iiH.imately obtained in the first prc23aration : 

If a solution of it coutainiu^ potassium .sulpliali* is ewaftoratud, a auljiho- 
saroliaratc, which Ls freely soluble, is formed. Potassium hydru.xide coineits this 
into what is apparently a potassium enpri snlpliosaix'liarate. 
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{ J. 

Tound : Cu = 25*27 

K = 12'89 per cent. 

lA. 

,, Ca=27 99 

K = 12-46 

Cu = 30-67 

K = 10-.^>9 

(d. 

J Cu = 31-57 

K = 10-08 

,, {:ii = 31‘54 

K = 10-02 „ 

\F, 

,, Cu=-31 68 

K^10*07 

Mt-aii : Cu - 31-60 
Theory: Cu = 31-92 

K = 1006 

K= 9-82 


Ratio = 4 : 3'32 
„ =4; 2*89 
„ =:4:2-24 
,, =4:2‘0S 
„ =4:20f5 
„ =4:2-07 
„ =4:2-07 
„ =4:2-00 


The ratio of the potassium to copper is somewhat hig;h, but leaves 
little doubt that is should be 2 : 4, as indicated by the amount of 
potassium hydroxide required for the formation of the substance. 
The copper leads to a molecular weight of 804-7, and the potassium 
to 777-3, the mean of which, 791, agrees fairly well with the 
formula X, analogous to that of the cupritartrate No. 3: 


(C,H,Cu08).2CuK.,,Cu0 
Mol. wt, 760 ’5, 


(LX.) 


C,H,0,(CaO)<^?(5^Cu 

\cu‘'0 

C.H30,(Cu0)<^^5j. 

Mol. wt. 796 ’6. 


(X.) 


The temperature at which this salt was dried was 125°; when 
Ijeated to a higher temperature decomposition begins, although 
with very little further loss in weight. On ignition, it swells up 
to a great bulk, but decomposes quietly. The anhydrous salt 
exhibits the same peculiarity as the ^-cupritartrate No, 1, of scatter- 
ing when exposed to air. 

A weak solution of it gives no trace of red witli ferrocyanide, 
however long it is kept, but if the solution is boiled, and then cooled, 
before the ferrocyanide is added, a portion of the copper in it reacts, 
but only very slowly. After being kept in the cold for two days, 
the whole of the copper in the boiled solution again becomes inert. 
With a strong solution of the substance, ferrocyanide gives an 
almost black liquid, from which a brown precipitate separates after 
some hours. 


Mucates, 


jS-Cf/fWmi/ctt ft. -Copper mucate, prepared by double decant- 
position, retains 4IioO at 100°, and becomes anhydrous at 120°. It 
dissolves in water to the extent of only O' 00008 per cent, of copper. 
When potassium hydroxide is added to it, it dissolves slowly to 
form a deep blue solution, the proportion required before alkahmty 
is reached being 1 -59X011 for each atom of copper present, 
indicating a reaction similar to that occurring in the case of the 
saccharate. The solution obtained, unless very dilute, turns in a 
few minutes to a jelly ; it is only when the copper percentage ^ 
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about O'o, or less, that the solution, even when hot, can be filtered. 
It may be boiled without decomposition. 

Tlie addition of alcohol to it throws down a bulky, gelatinous 
precipitate, which, on re-dissolution in water and reprecipitation, 
becomes niore transparent at each operation, as in the case of the 
(Upitsaceharatc. On drying, the precipitate forms a dark violct- 
bluo powder, which suffers no decomposition until about 135°. The 
samples analysed were dried, therefore, at 120°. The results were 
similar to (hose with the cuprisaccharatc ; the ratio of Cu: K was 
ashiiih as 4 ; 3 or 4 : 2'o after one precipitation, but fell and became 
constant after two or, sometimes, three precipitations. Two samples 
were also prepared without the addition of alcohol, by allowing the 
sokition to gelatinise, and working the jelly on a tile until it was 
deprived of its moisture. The mean results with four specimens 
gave : 

Found ; Cu ‘Sii K = 9 -61 per cent. Ratio = 4:r96 

Calc. : Cu- 31-92 K-9*S‘2 ,, „ -4;2 00 

The possible formulse will be the same as those for the saccharate 
(p. 176j, and the molecular weight calculated for the second of 
tiicm. 79G'6, agrees fairly well w-itli that deduced from the above 
analyses, tlie copper giving 799-1, and the potassium, Sld'T ; mean, 
sob *4. 

Potassium cuprimucate is a colloid, and its ready gelatinisation 
IS in accordance wdtii the known behaviour of colloids; but it 
exliibits a reversal of this change, wliich has not been noticed in 
other cases. When the jelly, w-liicli must not be too strong, is 
filtered under pressure, it passes completely through the paper, 
forming what appears to be a perfect solution, except that it is 
always slightly cloudy; tliis solution gelatinises again after a dav 
or two. A .similar change may be brought aljout by merely shaking 
the jelly, it being thereby converted into a solution. That the 
difference between the jelly and solution is not one in appearance 
onhMuay be seen by placing some of each on a porous tile, when the 
solution is entirely absorbed, whilst the jelly is graduallv deprived 
of its water, leaving a solid residue behind. As the jelly doubtless 
consists of aggregates of molecules, the change here noticed must be 
regarded as an instance of chemical combination, being broken down 
hy such simple mechanical means as pressure or shock. 

The cuprimucate, unlike the cuprisaccharatc, always seems to react 
'vith ferrocyanide, but onlv very slowdy. 


C^i'prlqu incites. 

Although the compounds obtained from tjuinic acid have not 
2- oi'ded additional evidence as to molecular weight of these cupri- 
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compounds, tlicy may be mentioned in connexion with tliose from 

the other t td.r ahy dr oxy- acids. i j ■ j ^ 

Copper quinate, prepared by boiling copper hydroxide or carbonate 
^dth quinic acid, and precipitating by alcohol, is a crystalline basic 
salt (CII-(Oir),,CO,].Cn,CuO. which contains 8HoO after drying at 
100^ and dissolves in water to the extent of 0 02 per cent, of 
copper Proioiiged Imiling of tlie add with excess of carbonate 
rebuts in the formation of a dark green, more highly basic quinate, 
The addition of potassium hydroxide to copper quinate gives a 
solution which gelatinises after a few minutes, and cannot be filtered 
unless the copper content is less than 0-2 per cent. The cupriqiiiiiate 
tints ivscmliles the ciipriiuucate, except as regards colour, and, also, 
that, wlieii once it has been well boiled, it does not re-gelatinhe, 
It sJems impossible in this case to determine the exact point at ivliict 
alkalinity appears on the addition of potassium hydroxide, the 
colour changes (with iihcnolphtbalcin as indicator) are uncertain 
and the albili requirtMl seems to vary with the dilution i variom 
determinations gave froniO'GT to 10 KOH for each atom of copper. 
Kxccss of alkali gives a blue luiuid. The precipitate obtained on 
adding alcohol to the neuiral solution was also found to vary in 
compcdlion, and likewise to vary rapidly in some cases when ir- 
dissolvcd and reprecipitaled. Two preparations thus treated and 
dried at 125^, which was the highest temperature which the sub 
staiico would bear without decomposition, gave: 


fist rp^- 

( 'll -- 

:vi-s-2 

K - 9 ’43 per cent. 

Ratio — 2 

0-91 

hml „ 

Cu = 


K-7Tr2-. „ 

— 2 

O-TO 

,, 

C'u^ 


K^G-21 


O'ii;. 

nst ,, 

Cii- 


1\=;3‘33 ,, 


0-1 () 

■Uid „ 

Cii - 

34-92 

K^3'2;» ,, 


o■].^ 

: 

(.'ll - 

.34*99 

K = 2'6S 


0-13 


The first preparadon approached in composition to a potassium 
cupriquiiialc witli two CuO groups, COJx-h\;H;(Oir) 4 , 2 {’LjO 
(analogous to the cuprilartrate, etc.), containing CnO-32h6 ml 
K-:10'U4 per cent., the change on repealed precipitation consisting 
(as in the case of the cupritartrale) in the formation of some 
copper cupriquiuate, which contains 41'71 per cent. CuO. The 
second prcij^aration, however, is not amenable to such an explanaliou. 
and must contain some other cnjiri-compound. 

fndefinile results of thi.s character liave, so far, been obtained k 
the case of several other monoliasic acids which have been examiueii. 

The cupriquiiialc requires the addition of a large volume ol 
alcohol for its jirccipitaiion, aud the precipitate, especially hi tli^ 
case of the second of the above preparations, was extraordinahly 
fine and transparent; the liquid remained quite clear and limpJ - 
and ]).assed tlirongh filter jiaper without leaving the sligtl^“^ 
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residue; it was only when filtered through a Bcrkefeld filter that 
precipitation was found to have occurred, scarcely a trace of copper 
remaining in solution. When a solution of it is evaporated to a 
small bulk and left over sulphuric acid, it dries to a transparent, 
ineen, brittle glass, resembling the hydrated ciipritartrate j after a 
time this becomes alkaline and opaque, copper oxide separating. 


Conclusion, 


The results detailed above can leave very little doubt that these 
cupri-compounds must be considered as substances in which CuO 
is added to the nucleus, and not as substances in which copper 
atoms displace hydrogen atoms, this applying to the hydrogen in 
the carboxyl groups, as well as to that in the alcoholic groups. The 
percentage errors between the found and calculated molecular 
weights on these two views are ; 


3-Cupiitartrate No. 1 

„ No. 2 

{'opper .substituted 
for hydro 
-hl0’(3 per cent. 

-:-7 0 

CuO groups 
addeii to moleoule. 
-r- 0‘.3 per rent. 

,, No. a 

-t - 7 0 ,, 


a-( ’iqiHrartrate 

3-ru{iri.sacch;irate 

3 ('u[>ri mucate 

4-0 ’’ 

wb'O ,, 

-^0-6 

-07 

-•-1-2 


The difference between the two sets of formula; is in every case a 
question of the elements of water. With our imperfect knowled<^e 
of the nature of water of hydration, it is impossible to state con- 
fidently that water whicli cannot be eliminated wdthout the decom- 
position of a substance is necessarily an integral part of the molecule, 
and, if we had to depend on an isolated instance, a determination of 
the molecular weight in such circumstances might be set aside; but 
when every one of the instances available bears the same evidence, 
tiiis evidence cannot be ignored. 

The nature of the CuO group in the carboxyl portion of the 
molecule has been discussed in previous communications, the copper 
being held to act as a tetrad ; and it was originally suggested (Proc., 
1910, 26, 17) that the CuO groups in the other portion of the 
molecule might be of a similar nature, with the copper atom united 
to Uo carbon atoms. Another view, which is, perhaps, less open to 
objection, is that the hydrogen atoms of the alcoholic hydroxyls 
)0(ome displaced by (*Cu^*^*OH)^ groujJs. This was suggested manv 
}ears ago to explain the constitution of substances formed by 
sucrose, mannitol and dulcitol with the oxides of copper, lead, 
auum and calcium, of which the molecular w' eights — as in the 
present instances preclude their being represented as compounds 
^rive lom the substitution of hydrogen by the metal. Such a 
VOL. xcix. 


0 
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view does not preclude the possibility of hydroxylic hydrogen beia; 
displaced by copper itself under other conditions; indeed, the only 
explanation of Luff's alkaline cupricitrate appears to depend oa a 
partial substitution of that sort taking place as regards one hydrogen 
Lm (see Trans,, 1910, 97 , 1844), added to which there are com. 
pounds of sucrose with the alkali metals, apparently 

necessitating a similar substitution, although these compunds l,n„ 
not been investigated sufficiently for rigorous argument. Tliere is, 
however no evidence at present for believing that a copper atom 
ever displaces the two hydrogen atoms in two contiguous alcoholic 
groups, as represented in the hitherto accepted theory as to eiipri, 
compounds. 

IIaupknui'^n. 


XXIL- 


Reaction hctwtvn Chemical Compond; 
and Living Mmcle- Proteins. 


By ViCToii Herbekt Veley. 


Expebimexts by Dr. Waller and the author on the comparative 
toxic effect of various classes of compounds on living muscle tissue 
have led to the conclusion that the results are due to chemical 
changes between the mnscle-proteiiis (or their products of deccin- 
position) and the compounds in the solutions of which themn.,* 
are immersed iFroc. Ro,,. .Sor. 1909, il, 82, 147; 1910, 82,206; 
TlZ-ol., mo, 39 , :iGl; /'roc. ji/iyafo/, ,S’or., 1908, 1909,1910 
etc.). These conclusions are based on the following arguments, stated 

briefly : • f ir, 

pi,.sfh/:—Thc temperature factors (namely, increase of rae 

of change per one degree absolute temperature) are pradica } 
identical with those previously observed for definite 
changes; thus, the rate of increase per degree for the action of ct y 
alcohol on muscle is almost identical with that of the reacuDn 
between hydrogen peroxide and hydrogen iodide (Harcoin an 
Esson), or of ^luinine with that between ferrous sulphate ana 

chloric acid (Hood). . 

Seromlh/ : -The relal ivo reactivities of members of certain rlasseh 
of compounds follow the same order (although often of a difleren 
degree of magnitude) as that observed in physico-chemical iactU_ 
Thus, the order of the parafflnoid alcohols is the same as 
observed for their rates of esterification, and that of the 
derivatives of acetic acid as tlieir coefficients of affinity; 
the phenols are intermediate in their activity between the a co 
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md the carboxylic acids, precisely as the values of the heat effects 
d luixin" equimolecular pro|)ortions of sodium hydroxide and the 
dicnols are intermediate between those of the same base with the 
ilcoliols and carboxylic acids respectively. Examples might, of 
ourse, be multiplied. 

In certain cases there is evidence of a sub division of 
he muscle stull regarded as acidic and two bases, such as nicotine 
ncl quinine reacting simultaneously. 

The object of tlie present communication is to carry the argument 
,ne step further, and to show that, in the absence of the disturbing 
actor of contracture, the reactions between living muscle stuff and 
hcmical compounds can be made the subject of mathematical 
.nah^sis. As the rate of reaction between lifeless chemical reagents 
i some function, generally logarithmic, and less generally linear, 
f time, so likewise the rate of reaction between Uvinrj muscle stuff 
■nd a Ufeless chemical compound follows the same general laws. 

Experimental. 

In order to make the subsequent text more intelligible, a descrip- 
ioiiof the method of working, devised by Waller, is given in outline 
uly. A sartorius muscle of a frog is dissected out and ligatured, 
dth fine copper wires serving as conductors; the muscle is then 
ctup in a glass vessel containing the solution (either 0‘6 per ccTit. 
odium chloride, approximately a .¥/ 1 0-solution, or that of the 
ompound to be examined), and connected with a weighted lever 
ecording its movements on a travelling smoked glass plate. The 
ircuit \nth the secondary coil of an induct or ium (Berne model) is 
orapleted on the one hand through the metal stand used to hold 
he glass vessel, and on the other by means of a direct wdre; the 
Timary coil is supplied by a i^-volt accumulator, and interrupted 
.utomatically every ten seconds by a clockwork relay. Inde- 
tcadently there is also an electric ally controlled clock for recording 
hue in minutes by a lever on the same smoked plate.* 

When eacli induction shock is passed through the muscle, there is 
response or kick, which moves the recording lever; if the solution 
ossesses a toxic action, or, according to hypothesis, enters into 
hemical change with the muscle stuff, then these resulting responses 
ecrease from a maximum to nothing as fho time of operation 
ncreases. 

, ^or the purpose of measurement a ]diotograpIi (same size) is 
an of the record, and squared mil lime tie tissue paper placenl 
Neon; a curve or line is drawn of the outline of the heights of the 

Ler ^ expoiiiuents, paits ot the appantns, nanicb', vessel, niuacie, aiuV 

r > eie auplicatod, so as to obtain siniultaneoiis records. 

o 2 



182 


VELEY: THE REACTIONS BETWEEN CHEMICAL 


responses, and of Uie base line or that of the lever; all irregularities 
due to the moment of inertia of the lever, as also those due to 
momentary defects of clockwork or otherwise, are thus eliminated. 
In other words, a smoothed curve or line is drawn. 

If the heights in millimetres * of the response be taken as tie 
measure of the chemical change between the reacting substance and 
tlie muscle stuff, representing the number of potential units of 
clnmiical change, then a graph may be drawn with the heights of 
these responses as ordinates, and time, in minutes, as abscissae. A 
graph of this type is given in a subsequent section. 

The Nature of the Chemical Chaiujes. — The investigations of 
Hind Fischer and his colleagues have shown that the final products 
of hydrolysis of the proteins arc the amino-acids of the acetic serie; 
and lactic acids, pyrrolidinecarboxylic acid, together with smaller 
quantities of otlier compounds of a similar type. Krimherg 
{Zeilsch. 'physiol Chtm-., 1907, 53 , 514) has obtained carnitine, th 
betaine of a hydroxybutyric acid, from muscle-protein. 

The hypothesis can therefore be put forward that, when a muscle 
is immersed in the reacting solution, a partial hydrolysis of Ih 
proteins ensues, and the polypeptides thus formed subsequctitiy 
react with acids, bases, or alcohols according to the equations given 
below, taken as simple ilUistrative types. 

The completion of the changes, from left to right, is evideitceii 
liy an abolition of response, the formation of the products on the 
right-hand side producing a complete poisonous effect. 

If the reacting solution be run out of the tube and saline solution 
substituted, then the chemical changes are reversed, and proceed 
from right to left, as shown by a recovery of the responses, at fe 
small, and then subsequently increasing to their original height, 
less a ditfercnce due to the effect of fatigue, which will be separately 
discussed in the sequel. 

The general equations are: 

(1) R(MH,*OH).r(COJl)„ + .THA -- R(NH,* A)^(CO2H)„-f,dL0. 

(2) K(NH.>*0H)^(C02H), + yB0II R(NIl2-OH).^(CO.2B), + //H,0 

(3) R(NH;-01i).(a02H), + yH'0H: + 

It will, of course, be understood that in the above equations 
the values of o: and y arc supposed to be quite unknown, and that 
the symbol R stands for a long and complicated chain of a poly- 
peptide type. The equations are merely intended to indicate that 
the acid and basic groupings of the proteins or of, more probably- 

* These weie measured by a graduated rule with sliding vernier; dilierfuf^’ 
0*5 mm. being measured directly, intermediate ditl'erences taken as O'd 
07 mm. as the case might be. 
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initial products of decomposition are the matters involved 

f n the chemical change, 

fTlie phenols probably behave as acids according to equation (1), 
[‘ailier than as alcohols according to equation (2).] 

I Another view which finds favour is that the products of 
bvdrolysis are already present in the muscle stuff on account of its 
jiioribund condition, and are nob formed as an intermediate 
clieitiical change. 

: The difference between this view or the one given above is, of 
icnrse, one of degree and not of kind. 

If tlieie are two successive chemical changes, there would probably 
jean induction-period from a delay occasioned by the first change; 
in some ra-ses such a delay was observed, but in others, not; so 
here is no balance of evidence in favour of either view. 

However this may be, if the interpretation of the chemical changes 
s correct, then the amino-acids should produce little or no effect; 
“esiilts given in the sequel confirm this conclusion. 

The. RaU of the Chevilcal Chanfie &. — It was observed in the 
iitroductory section that the rate of such changes between living 
tuiscle stuff and a chemical reagent, like those between two reagents, 

5 generally a logarithmic, less generally a linear, function of time. 
'Jiese two cases are discussed in the succeeding sections. 

(1) Rate of Chemical Change a Logarithmic Function of Time. 

n many cases the rate of chemical change is in accordance with a 
caction of tno first order (un [molecular reaction)', and expressible 
y a general equation : 

K = Jlo/-" (1) 

t Tf ^ ’ 

1 which /T — factor of cliemical change, ^ — time, number of 
oteritial units of chemical change, or residue, when and rj^Uie 
mie after iime t* 

This equation is realised in the following cases amongst others: 


(1) Maleic acidy A/ 200. Temperature 17®. 

The lesults are set out in the following table. In column I arc 
the times from start (^); in column II, the number of units 
1 potential chemical change or residue (r), measured by the heights 

* His opiation is more generally written = .^log A , in which ami 

appears preferable to the author, as the rate of any 
Sfs for fl on the residue at any moment of time, although in ’many 

■|>nf f>l convenience measurements are made of the. total amount 

<• c lange, and x, a difference after a lapse of time t. 
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of responses; and in column 111, the deduced values of or factor 
of chemical change. 

(The same method will be adopted in succeeding tables witLout 
further explanation.) 

Table I. 


I. 

II, 

III. 

I. 

]L 

HI. 




14 

9-0 

O-OSOi; 

•‘2 

22 '0 

0'0277 

16 

S-0 

0-0:;09 

IS ‘7 

O'Oyir* 

18 

7 0 

0- 0.307 

l> 

ItVO 

0 0220 

i 20 

6'0 

O’OlOO 

1-1 -0 

O'OIIM 

, 22 

5‘3 

O-OSIO 

10 

12 

1‘2';1 

10 -5 

0 0001 

0'0314 

24 

4-5 

O'OSIO 


A graph is given in the figure, the values in column II being 
taken as ordinates, those in column I as abscissae. 



If the first result be omitted as a low value possibly due I' 
some induction period, tlie mean value of K for the remainder •• 
O'OSll, and in the succeeding table the values of the units p 
potential chg-nge calculated from this datum are compared 
those observed. 
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Tinio. 

4 

(5 

10 

1-2 


Table II. 


Units calc. 

Units found. 

j Time. 

Units calc. 

Units found, 

19-0 

187 

14 

9-3 

90 

16-n 

16-0 

16 

8-0 

8-0 

14 8 

14'0 

18 

7-0 

7-0 

12'3 

12-5 

i 20 

6’-0 

6 0 

10-7 

10-5 

■22 

.5-8 




24 

4-5 

4 -,5 


The agreement between the two sets of numbers is within the 
hinils of error in the method of measurement adopted. 

For the sake of comparison, a set, of observations by Cain and 
Xicoll (Trans., 1902, 81 , 1420) on the rate of decomposition of an 
aqueous solution of benzenediazonium chloride, as measured by the 
rate of evoludoii of nitrogen gas, is given in table III, being 
presented in the same form as that of table I. 


Table III. 


f. 

II. 

III. 

I. 

W. 

HI. 

0 

58-2 


12 

24 ’6 

0-0312 

6 

88-9 

0-0291 

17 

17-2 

0-0310 

8 

3-2 fi 

0 0811 

21 

lO’S 

0 0306 

10 

28-3 

0-0312 

30 

8-5 

0-0237 


The mean value of A' in these observations is 0’0304, which only 
tliffers by about 2 per cent, from the figure O'OSll given above, 
although the first set of observations relates to a reaction between 
maleic acid and muscle-protein, or its hydrolysis products, and the 
second to the decomposition of beiizenedia-zonium chloride. 

Apart from the element nitrogen in the one case belonging to an 
atnino-group, and in the other to the allied diazo- grouping, there 
is nothing in common between the two sets of changes. It is there- 
fore reasonable to suppose that the change, which occurs when a 
living muscle is immersed in a dilute aqueous solution of maleic 
acid, is of a chemical nature. 


(2) Fumanc acid. A'/ 200. Temperature 19^. 

Observations with this acid were made mainly with a view of 
ascertaining whether geometrical isomerides would show any marked 
difference of behaviour. The results arc given below; the values 
calculated from the mean value of AT — O'Ol arc given in column 


Table IV. 

H. 11(1, is). HI. 

17-0 — — 

ll'O 10‘7 0'094 

6*5 6'7 0T02 

4-2 4 ’8 OTOl 

2’5 2-7 0TO4 

1'5 1-.5 0-094 

1*2 I'O 0-100 


U(bis). 

1 
0 

2 
4 
6 
« 

10 

12 
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Tho ni6aii value of A for funia;ric acid is ra-tlier more than tlire^ 
times than of maleic acid, which would show that the former is the 
more active of the two isomerides. This result is the opposite of 
that to be expected from physico-chemical measurements, such a,? 
electrical conductivity, rate of inversion of sucrose, etc., which give 
the higher value to nialcic acid. 

A repetition of the experiments under like conditions gave the 
same order for the two acids. 

(3) Acetic acid, A/200. 

The results ohtaiiied are given in table V, the calculated valucii 
in coliinni Il(bis) being calculated from a mean value of 7t =:0-O3.i5. 

Table V. 

I iJ. TlO>is'. in. I. n. JT0>is). III. 

0 17-0 - - H r>-r> 5-7 O'Oaio 

•2 ]4-2 14-8 O'OaW ]() 5-0 4-8 0 0‘18l 

4 I’LO l'J'2 0 IS 4*2 4 0 0 'Ci3-Jm 

40-.O 10 5 ()'0:384 20 8 8 3 '5 (fO:32> 

^ (CO O'O 0-0335 22 3-2 S'O 0 0323 

40 7-5 7-5 y0:’.51 24 2-7 2-7 0-0335 

12 6-2 6-5 0 0343 26 2-3 2-5 0 0325 

Although the degree of concordance is not of llic fine order of 
accuracy to be expected in a study of a chemical reaction proceeding 
under fixed conditions and without disturbance of secondary 
changes, yet such concordance appears to be well within the limits 
of experiiiiental error, having regard to the conditions of working. 

(4) Propionic acid, A/ 200. 

The results are given in the table below without further 
explanation. Mean value of 7i=^0'0138, 


Table VI. 


I. 

11 . 

ll(bis). 

III. 

1, 

11 . 

11; bis). 

111 

0 

15-0 

_ 


12 

10-0 

10-2 

O-OUn 

2 

14-0 

14-2 

(j-ai50- 

14 

0-5 

9-5 

0-0141 

4 

13-0 

13-2 

0-0155 

IG 

9*0 

9*0 

0-0135 

6 

1-2 ”2 

12-4 

0-0153 

IS 

8-5 

8*5 

0-0l:]7 

8 

11 -8 

11-7 

0 0130 

20 

8-0 

8-0 

(J-OlO'j 

10 

11-0 

11-0 

0-0124 






In this series of results the first three observations give rather 
low values for heights of response, and consequently too high values 
of A. 

As w^ould be expected, acetic is stronger or more effective than 
propionic acid, the ratio of the K values being 355 : 138? or 
approximately 2*5 : 1. In pliysico-cliemical methods, the ratio of 
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two acids is approximately US: 1, or otherwise the position of 
\]^Q two acids in physiological and physical methods is the same 
(generally, but the relative order of magnitude different. 

The results obtained with formic and butyric acids were identical 
with those of acetic acid within the limits of experimental error, 
although measurements by other methods have always led to a 
di'ditly higher value for the first-named. 

Substances. 

Ifian/ie Hydrochlonde, ; measurements by 

Dr. Waller with sample obtai7md from Dr. WynrUiam Dunstan 
(Trans., 1S94, 65, 290). Concentration:^-^! per cent., or W/So 
{(hjart. li'Jcp. Fhysiol.^ 1910, 3, 102). The results are given in 
the table below. 


[. tl. 

II(biyh 

Table VII. 

III. I. 

II. 

Il(bis). 

III. 

0 19-^ 

— 

-■ 

12 

12-,') 

13-S 

0-0128 

2 ISVO 


oa.'O.'.t) 

14 

12-0 

12-0 

0-0125 

-t is-0 

— 

O'OOSS 

10 

12-2 

12-2 

0 0129 

r; 17{) 

— 

0-0099 

IS 

11'.^ 

11-7 

0-0129 

> 15-5 

15-0 

0-0 1-21 

20 

11-0 

] 1 •(■) 

0 012,5 

I'J 14-5 

14-7 

0-0124 

■22 

10-2 

]0-.=) 

0-0122 

The above 

results show clearly 

an in 

duction 

period, in 

that the 


chemical change commences slowly, increases to a maximum, and 
thence decreases proportionately to the remaining units of potential 
chemical change. 

It would not be difficult to find in chemical literature a reaction 
of a lifeless chemical compound proceeding on an almost identical 
course. 

The values in column Il(bis) are calculated, after conclusion of 
the induction period, from a mean value, /T~0'0125. 

!)m€thyla7mnomethyl<rimfthytrarlnnol Benzoate Uydrochloride, 
0Bz*Cl\Ie2*CH.>’NlMe.7,HCl, or the methyl analogue of the local 
aiimsfhctic, stovaine. Concentration, J/oOO. Temperature 17*^. 

The results are given below, the values in column II (bis) being 
calculated from a mean value of iv^O'OloO. 


Table VIII. 


t' IT. lll.b). 

III. 

I. 

IL II bis). 

III, 

0 1.5-0 _ 

— 

s 

7-0 0-7 

0-0114 

^ 12-0 12-2 

0-0485 

10 

.5-0 .5-2 

0-0178 

1 10-0 97 

^ 8'5 8-0 

0-0442 

12 

1-1.) 4-2 

0-0480 

0-0411 

14 

2-0 2- 5 

0-043.5 

The values in this 

series a’le rather less 

concordant than those of 


other sets of experiments ; possibly this may be due to irregularities 
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caused hy a slight separation of the free base, which can he caust,) 
even by traces of alkali dissolved out from soft glass. 

VhuhnmMhf. HydroMoMe, fi' / 1 OOO.-Tho results oblainej 
witli this substance (kindly supplied by Mr. D. Howard), the oiilj 
poisonous all;aloid of the cinchona group, were very similar to those 
f:iven in the preceding table. 

yon-(ltrfrohjt€>^.-~T\\o cheniicnl changes which occur belwetn 
ninsclp proteins and substances, such as the halogen dcrivativos of 
tlic hydrocarbnns, are soniewhat difficult to interpret; further, in 
most cases, the muscle goes into contracture more or less rapidly, 
so the results caiuiot be made the subject of mathematical analyst. 

One set of experiments obtained with a N j lOO-chloroform solution, 
freshly prepared and cooled to lU" (l)oth being necessary conditions), 
is given below (compare Velcy and Waller, Proc. Uoy. Soc., 1910, 
U 82 2121; the values in column Il(bis) are calculated from a 
moan value of 1\ -0'029S. 

Table IX. 

HI. ll(bis). 111. 1- 11- ^hbis). HI. 

1,5-5 __ _ 12 8*2 0‘02vi 

l(--0 16-2 0-0315 M 7 ’7 7 '2 O-0’2 h0 

U-0 14-0 0-030;) 10 0-5 0-2 0-0’2;n 

I-J’O 12-0 0-031;) 

10-5 10-7 0'0;108 20 4-5 4-7 0-f]:j04 

0-5 9-5 0-0-290 

Other sets of experiments obtained ^vith chemical compounds nf 
various types might be given, but it is thought that the selection 
given is sufficient to establish the general principle that the reactions 
between chemical compounds and living muscle-proteins follow tlie 
course of reactions of the lii'st order, and are expressible hy th 
general equation of this type of change. 

Hate of Chemical Change a Limear Function of Time. 

Ft must be admitted that such cases do not afford such conclusiu 
evidence as to the chemical nature of the change as those in wliid 
the rate is a logarithmic function of time, but they do not necessarily 
militate against the hypothesis, as certain chemical reactions do 
proceed as a linear function of time. 

It was sliowii by Jones and Richardson (Trans., 1902, 81 , 
that such changes involve the si mult an ecus production from one 
substance of at least two others, whilst the rate of formation of 
each of the latter is directly proportional to the amounts of tk 
original substances present. Since the work of these chemists, Cam 
and Nicoll (Trans., 1903, 83 , 208) and the author (Trans., 1909- 
95 , 1186) have studied chemical changes of this type, represente ^ 
by the simple equation A’’~A^/A^, in which ?’ = the number ot 


I. 

0 

2 

4 

() 

8 

10 
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potential units of chemical change, time, and = factor of 
chemical change. Suitable examples of the kind investigated are 
<:iven. 

^ mhyl Alcohol, N/10, at 17®. 

Tiie results are given below : in column I, the times from start 
in II, the number of units of potential change (r) expressed in 
tltc same terms as before; and in column III the values of or 

A, the factor of chemical change. 


Table X. 


11 . 

III. 

T. 

11 . 

III, 

19-fi 


s 

7 '5 

1-7 

17-0 

1-3 

10 


1-5 

M'O 

11 0 

1 •.'» 

1-5 

12 

1 T» 

1 -5 


The figures in the third column lead to a mean value K = r5 + 0’2. 

Trichloroethylene, N jloO . — Two cases have been given in a pre- 
vious paper (Froc. Roy. Soc., 1910, B, 82, 224), giving the same 
mean value for K, namely, I'o, so that it is unnecessary to reproduce 
tlie figures. The general conclusion arrived at was that an arc of 
a curve had become almost coincident with the chord, or, in other 
words, the rate of chemical change was on a boundary line between 
an exponential and linear function of time. 

The Effect of Fatiyue . — As the view has been held that the action 
of a drug is nothing else than an accelerated process of fatigue, a 
blank experiment was conducted at a temperature of 20®, in which 
the muscle was immersed throughout in the salt solution. In the 
following table, the times are given in column I, and the heights 
of response in millimetres in column II. 


Table XI. 


I. 

IL 

1. 

II. 

0 

17 

16 

12 

2 

17 

15 

12 

4 

17 

20 

11 

f) 

m 

22 

11 

8 

16 

24 

10 

10 

15 

26 

10 

12 

1 1 

2.4 

lU 

U 

14 

:.;o 

9 


It will be evident, on inspection of the above figures, that in tlie 
first interval of A’ there was no effect, but from this point there was 
a slow decline approximately as a linear function of time, and even 
after 30^ the lieight of the response, taken as a measure of the 
change, was reduced by less than 50 per cent. 

It must, of course, be admitted that there is a sUght fatigue 



190 CHEMICAL COMPOUNDS AND LIVING MUSCLE-PROTEINS. 

effect siiperadded to that of the chemical compound in the experj, 
ments described above, which would tend to increase the value of 
the constaub K (the factor of chemical change), but its effect is not 
of a sufficient order to interfere with the logarithmic ratio of a 
reaction of the first order. 

It was pointed out in the text above that if the change consisted 
in a chemical reaction between an acid or base on amino-acids 
or polypeptides, tlicii it would follow as a logical consequence 
that an aminoacid would produce no effect, provided, of course, 
that the solution was not so hypertonic as to produce a complication 
resulting from an osmotic effect. 

The results are given in the succeeding table with a i\^/25'Soluriou 
of aminoacetic acid; the figures have the same significance as those 
in table XI. 

T.vbll XII. 


L 

IT. 

1. 

II. 

0 

ISO 

14 

13 r> 


17-0 

16 

12 -.7 

1 

17-0 

IS 

12-U 


16 0 

■20 

1 1 • ') 

s 

l.vO 

22 

IPO 

10 

i4-:> 

2 + 

10 0 

1-2 

U-0 




On a coniparison of the last two iablcs, it is manifest that the 
values in both are identical within the limits of experimental error, 
or, in other words, the results given in table XII are merely those 
of fatigue effects, and the aminoacetic acid takes no part in the 
matter. 

A .V/ 10 solution of aminoacetic acid, namely, twenty times the 
concentration of the acetic acid solution examined (tabic Y), was 
found to he liypertoiiic, and produced an osmotic effect. 

In the case of other amphoteric electrolytes, the author has else- 
wlicrc {C}Harf. J, Fj:-]). 1910, 3 , 23 7 j pointed out that as 

tlie affinity value of the acid function {Ka) increases, the chemical 
effect likewise increases. The substances examined were tyrosine, 
cacodylic and aspartic acids, but other substances of the same type 
might also be tried. 

Suinmany, 

The main points of the present communication are as follows: 

(1) When a living muscle is immersed in solutions of certain 
compounds, a chemical change takes place between the solute and 
the muscle-proteins or their initial hydrolysis products; its rate 
can be measured by the heights of response to induction shocks 
used as an indicating record. 

(2) In most cases the rate of change is a logarithmic function of 
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time represented by the equation of a reaction of the first order, 
,ia.mely, ii = l/f(Iog/*,/r(), in which is the number of units of 
potential chemical change when « = and r, the number of units 
remaining after expiry of time 

In a few cases, the rate of change is a linear function of time 
winch, although less conclusive, does not exclude the possibility of 
ih clicmical change. ^ 

(3) The effect of fatigue from induction shocks with the 
application of sodium chloride solution only produces a slowly 
tliiuiuishmg result, and, as would be expected, no effect is at first 
apparent, and then the decrease of response is a linear function of 
time. 


(4) If the hypothesis be correct that the chemical changes dis 
cussed under (2) are due to a reaction betwfeen the compounds 
whether acid or base, and the polypeptides, either formed by 
hydrolysis of the muscle-protein or present by virtue of the 
moribund condition of the muscle, then amint^acids in not too 
highly concentrated solution should produce no effect. Results are 
given in the case of aminoacetic acid in proof of this line' of 
argument. 


1.1 conclusion it may_ be remarked that it is not to be expected 
that results obtained with a still living animal tissue would be of 
the order of accuracy of those between compounds purified with 
the refilled art of the chemist; one comparison of these two lines 
of investigation show that the possible accuracy of the former is not 
greatly inferior to that of the latter type. 


The Phy.siological TiAKoiuroiiY, 
The Univeksity of Lokoon. 


0/ the Conmation of Soap h,i Solti- 
tmi: tite Electrical Comluctlvily of Sodiom 
>^teamte tiohuions. 


Ky K I CHARD Charles Bowdex. 

the constitution of soap solutions is of tlie greatest 
nXlS “o" teth practical and 

«xpUnation or' obvious problems still awaiting 
“g the existercT T the fact that there is no reason for suspect- 
acetate «.},;] t o ° ''“t '■''I'atsoevcr in soliitioirs of sodium 

. hilst It IS equally impossiblo to deny the existence of 
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colloids in the solution of the salts of the higher homologues of tiis 
series. The question as to Avhether, say, sodium palmitate. 
Ciell^iO^Na, itself is a colloid or an electrolyte is at present still 
entirely open, although it seems more probable that it is an electro- 
lyte (McBain and Taylor, y.ntf^c.h. 'physikal. Chem,, 1911, 76, 
her., 1910. 43, 321; compare Ubbelohde and Goldschmidt, Han(}. 
lurk (ier Chnnie nnd Tcrhnoloyie der OeJe nnd Fette, Vol 3). 

Since’ tlie classical work of Chevreul, there are very few papers 
bearing directly on this problem. The boiling-point investigations 
of KrafTt and his collaborators have become classical, but unfor- 
tunately the method has been shown to be quite untrustwortliv 
(I^IcBaiii and Taylor, lor. rit.) on account of the impossibility of 
removing dissolved and " sorbed ” (McBain, Phil Mag., 1909, [vi]^ 
18, 91 G; Zieifsch. ■phydhal. Clmn., 1909, 68, 471) air from tlie 
easily frothing, viscous sojiitions. Smits’ vapour-tension work suffers 
from the same defect. The conductivity measurements of Kahleu- 
lierg and Schreiner {ZeitKch. phy&ikcd. Chem., 1898, 27, 552) in 
dilute solution unfortunately did not go far enough to give 
information about the concentrated solutions under discussion. 

The investigations of McBain and Taylor have revealed some 
unexpectedly interesting results, in that, for example, they have 
shown that the equivalent conductivity of sodium palmitate passes 
through a pronounced maximum at a concentration of 3''/2, ami a 
wellMefined minimum at a concentration of ^Y/o. Such a 
phenomenon has never before been irret with in aqueous solution, 
although exactly similar cases occur in non -aqueous solutions (com- 
pare Franklin and Gibbs, J. Amer. Cdiem. Soc., 1907, 29, 1389). 

The present paper contains nieasurenienls of the conductivity of 
solutions of sodium stearate, Cjj,ll 350 oXa, carried out in order to 
observe the effect of the addition of two Cll 2 groups on the form 
and })osilioii of the conductivity curve. The result has been that, 
although, like sodium palmitate, sodium stearate is an excellent 
conductor at all conceuti’ations, yet the values of its conductivity 
differ markedly froju those of the palmitatcs, and the maximum 
and minimum of the conductivity curve liavo been considerably 
displaced. 

The experimental method has been fully described in the paper 
of McBam and Taylor. 'J’lie method is that of Kohlrauscli, usiii? 
telephone and itiduction coil. The solutioms were made up and 
shaken until homogeneous in pure silver tubes, and they did not 
come into contact with the Jena-glass of the dipping electrodes until 
a few minutes before the actual reading. The stearic acid was 
recrystallised twice from absolute alcohol, and melted at 

The resistance capacity ” of the dipping electrode was, on 
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of tlie conductivity of the outer silver tube, a function of 
accoiin resistance. It was measured in solutions of specially 

potassium chloride of concentration .T, iY/10, joO, and 
and also in a saturated solution of specially pui-ified sodium 

^^^The^valnes obtained were within one per cent, of those determined 
ven- previously by Miss Taylor. All vessels and instruments 
vKo carefullv calibrated. 

The work of McBain and Taylor has shown that in the case of 
sodiiuri palmitatc, the conductivity of a given solution is the same 
•itliiu the limits of experimental measurement, whether the solution 
ir prepared by dissolving pure sodium palmitate, or by mixing 
sodium hydroxide solution with an equivalent amount of palmitic 
acid Hence it seemed safe to make the same assumption in the 
case of tbo stearate, and to prepare the solutions by mixing pure 
c, odium hydroxide (from sodium and conductivity water) with 
stearic acid. The solutions were shaken in each case for about the 
same length of time as the corresponding palmitates. In the follow- 
iiii: table the first column gives the weighhnormality, the second 
the number of grams of sodium stearate in 100 grams of water, the 
third the capacity factor of the electrode, the fourth the specific 
conductivity in mhos at 90-00°, the fifth the density (due to E. C. Y. 
ijoi-m&h, Zeitsch. phijsikal. Chan., 1911, 76, 32), the sixth the molar 
or equivalent conductivity at 90-00°, and the last the final results 


for the 

equivalent 

coiiductiv 

ity. 






Sodium 

S lea rale 

ul 90-00°. 



I. 

II. 

111 . 

IV. 

y. 

VI. 

VH. 


29-98 

3 '77 

0'0'3326 

0-06:371 

(0-9.547) 

87 - 98 

88- 65 

88-33 




n 031 91 


77'5‘J 


)-4942 

15-14 

3 ■ o'» 

0 T A 

0'(j:'!]06 

0-9600 

75-37 

76-1 



O Oi ‘i 

0-03115 


75-60" 


3 •1988 

6-088 


0-0139S 

0-01395 

0- 963-2 

77-54 

77'31 

77-44 

0-0997 

3-051 

3-70 

0-007105 
0 -007086 

0-9642 

76-15 

75-95 

76-0.5 

0-1)49 9 

1 -.529 

3-67.5 

0-003680 

0-003716 

0-964S 

77 - 59 

78- 36 

77-98 

0-00999 

0-306 

3-CO 

0 001208 
0 001-213 

0-9G52 

125-6 

1-26-2 

125-!) 


* A [lerfeclly indcpfiKhint infasninuciil inaile at luiotlivr tim*' hy Mins T.iylor. 


Both the molar and the specific conductivities contain a correction 
of O'l per cent, (subtracted) on account of the thermal expansiou 
i)f the electrodes. 

The results are sufficiently remarkable. The conductivity remains 
nearly constant at the value of 77 mhos betw’eeu the concentrations 
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A72 and A/ 20, the values then rising by 12 per cent, to 88'3 for 
the normal solution, and to 125 '9 for the A/lOO-solntion. xii« 
figure below shows their conductivity values plotted against 
volume of water in litres containing 1 gram-molecule of sodiun, 
stearate, and the values for sodium palmitate are also plotted for 
comparison. 

In the first place, these high values obtained for the conductivity 
even of the most concentrated solutions prove that much electrolyte 
is present, and that therefore soaps cannot be simple colloids (com- 
pare ICrafit and his co-workers, Ber., 1894, 27 , 1747, 1755 ; 1895, 28. 
2566, 2573; 1896, 29 , 1328; 1899, 32 , 1584; Smits, ZelUei 
'physikd. Chem., 1903, 45 , 608). On the other hand, the presence 
of a colloid in these solutions cannot well be denied; it 



seems therefore that the colloids present are the acid sodium salts 
Ci,JI;iP.,CioIl 3 iO.Na and Ci5ll3,0.,Ci3lT3-0.Na. The peculiar 
shape of the conductivity curve might be explained as due to tli? 
change in the degree of dispersion of the colloid. Acid sodium sa.t 
(containing an excess of sodium depending on the concent ration of 
the free alkali in the solution) is found in dilute alkaline sohuion. 
such as the dilute soap solutions, in the form of a coagulated pre 
cipitate; it is also precipitated quantitatively (salted out) by excess 
of free alkali.'^ Intermediate solutions, such as the concentrated 
sodium stearate and sodium palmitate solutions, are opalescent or 

* McBaiii and Taylor, he, cit. ; thus the coagulated }treci]>itate in 
with a re.V-sohUioii of sodium hydroxide has the empiricid composition of ^ 
Cfiit. CjgHaiOjXa -i- 41 per cent. as calculated from the 

crease ill concentration of the sohum hydroxide solution employed for tlie salting 
out. 
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even quite transparent, depending on the concentration. Thus, tho 
conductivity results might be explained by the sorptive powers of the 
colloidal acid salt decreasing so much as its degree of dispersion 
increased that the relative amount of free hydroxide in the solution 
increases for a time with increase of concentration. In still stronger 
solutions one might expect more and more of normal salt to be 
formed, and this, together with lessening dissociation, would explain 
a second decrease in tho conductivity in the strongest solutions. 

However, as this problem is being attacked from many different 
points of view in this laboratory, it would be premature as yet to 
iciraid this as being more tlian a plausible explanation which is in 
agreement with all the facts. 

yiv sincere thanks are due to Dr. James W. McBain, at whose 
suiigcstion this work was undertaken, for his continued interest and 
advice. 

Chemicai- Dkpaktmext, 

U N 1 V £RS ri' Y, B R I STO L. 


-Arnahjaras Contmning Silver and Tivl 

By Reginald Arthur Joyner. 

The object of the present investigation was to ascertain the 
chemistry and pliysical cliemistry of the ternary system— tin, silver, 
and mercury. Our knowledge of this syst(?/n is as yet due entirely 
to empirical experience in dental practice* and to isolated measnre- 
chiefly of changes in form and of crushing strength. 

Dentists have had no clue to the reasons for uncontrollable 
difiereiices in behaviour of their amalgams, and hence the 
elucidation of the chemical changes involved appeared not only 
interesting from the purely scientific point of view, but fun da- 
iiK'iitally necessary for further progress in this most important 
branch of dental metallure'v. 

Before studying the more complicated system containing the 
tlirce constituents, it was obviously necessary to complete our 

bi'iital aiuulgams consist essentially of alloys of tin and silver in various 
arualgainated with somewluit less tliaii their own weight of niercnry. 
si-vvcdl per cent, of various other metals are added iu the endeavour to 
''--'-un a so-calU'd “benevolent” tdl'ect on tlie aiiialgam, which generally takes its 
'''‘Illy fioiu one ol these slight adinixtuies, for example, “‘gold” or “platinum” 

XCIX. p 
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knowledge of the three pairs of metals taken separately. Two oi 
these systems, mereury-tin and mercury-silver, have keen thorougMy 
and satisfactorily studied hy other investigators (see p. .04). On 
the other hand, certain remarkable properties of the silver-tin alloy, 
which have been discovered by dentists have never been mentioo«! 
or accounted for in chemical literature. Thus a thorough revision 
of previous work on these alloys was necessitated. 

Experimental. 

Great care was taken in the preparation of the metals studied 
as the use of impure constituents might e.splam the discrepances 
hetwccii the results of previous investigators. Silver chloride, pie- 
oared by dissolving silver in nitric acid and precipitating, w,i, 
dissolved in ammonia, the solution filtered, and precipitated as 
chloride. Tins was fused with sodium ca.rhonate, and the silver 
treated in a molten state successively with potassium nitrate, 
anuMonium chloride, and boras, a bone ash support being employed. 
Best commercial tin was dissolved in hydrochloric acid ; the stainions 
cliloride which crvsiallised out was converted into metastanme 
acid bv nitric acid"; tins was dried, and then reduced by coal gjs 
m- l.vd"rocren iii a combustion furnace. The finely divided tin tliia 
obtained^was fused under ])ulassiura cyanide and cast, into bars. 

Dentists have long l.fid that the alloys of silver with tin, wind 
constitute the essential portion of dental amalgam alloys, imdcrgii 
profound changes in their properties merely through lapse ol time. 
This phenomenon is technically lallcd ".ageing, .and it is lakra 
into accouiil, m dental practice, although not much is dedintfly 
known ill regard lo it . 

In 1895-1897, G. V. Black piibli.slicd a series of reseairlies 
bearing on this subject (/h /z/ff/ Cosmo.<, 35 39), and his 

have since been given uiujueslioiied autbonty. He iomid tki- 
fresh filings of these alloys recpiired half as luucli mercury again 
:or amalgamation as was required by i^iniilar filings which bad 
been kept for some months, oi' wlucli had been heated for hah :ui 
liourto 100^. K.xelusion of aii- did not atfect these results. Again, 
the amalgams made from freshly prepared tilings showed qmlf 
different volnine ciiaiiges from those e.vliihited by the ania1gaii> 
made from " aged ” filings. 

Petrenko {ZeiUch. Chnn., 1907, 53, 2U0) has studied 

silver-tin alloys in Tamm aim's laboratory, applying the nioderu 
methods of tliermal analysis and of microphotography, and bis 
the most important and most recent work on the alloys in quebtioQ' 
Evidently he was unaware of the dental literature bearing on t e 
subject, for he {‘onlined his attention chieliy to the alloys contaiiRi^s 
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vtry perrentagc of silver (more tliari 75), ^vliilst tlie dental 
alloys contain between 40 and 70 per cent, of silver. Further, as lie 
liiinsclf einpiiasised, there is an important tliporetical discrepanev in 
liis results in tbat the transition of 3-Ag^Sn, stable above 232° 
into a-Ag-Sn, stable below 232°, could not be detected when the 
alloy contained less than 50 per cent, of silver, although all the 
alloys lyiTig between 35 and 75 per cent, of silver should consist, 
jjocording to his results, of a mechanical mixture of pure tin with 
Ag<ii. In other wmrds, the marked transition point of the Ag^Sn 
at 232° had disappeared, whilst the alloy was still supposed to consist 
of Agi^Sn to the extent of two-tliirds of its weight. Thus, it seemed 
altogethei probable that Petrenko had overlooked some compound 
between silver and tin lying in the region of the dental alloys. A 
satisfactory hypothesis could be found to explain all the facts if it 
were assumed that a compound such as AgSn existed and was rather 
slovrly formed. 

In the first place, the attempt was made to discover w'li ether any 
.illoy mixed in the proportions corresponding with Ag.iSii. A'oSn. 
AgjSm. or AgSuo would become homogeneous and solid \vhen kept 
at. constant temperatures lying between 220° and 300° for several 
days. In no case did the alloy completely solidify above the 
rutcctic temperature, 220°. 

These experiments alone cast much doubt on the possibility of 
the existence of any such new compound, for the latter must, have 
(‘xisted above 232° in order to interfere with the transition of tlio 
A<,e;Sii at this teinperatiue. 

All the alloys of tin and silver (less than 75 per cent, of silver) 
have been systematically investigated with regard to their micro- 
j'tnicliue, liio alloys were siil)inilted to various treatment 
('liicncliing in water from the molten condition ; annealing for days 
in a molten lead bath ; ordinaiy cooling in air, (de.), and then 
sections were etched by various reagents and examiiiod in a Zeiss 
fijjpara lus for metal log laipliy. 

Two typical microphotographs are illustralcd, fab eg pp. IH-I and 195. 
Tlie result was decisive ; all the .alloys containing less silver than 
coimsponds wiih Ag^Sti are unmistakably heterogeneous, no matfer 
bow prepared, or how anne.-ded or given time to age.-^ 


^ h w.i', iiotirc'd tliat alrmist always tlip alloys lanitaim'd at least f raoos of outreiic 
Jl'iniin... JgnoraiK-e of tl.is has b...,i fatal to tlui work of pruvioiis i.iwsti- 

thus, Dersohkowitsoli ph;i~<ib.d. fVnv/f., 27 , l^a) obtaim-d 

t'vo sets of alloys; one of these, witli a low jwixantage of tin, liad neai'lv tlh‘ 
f ^iTnys coutaining more than 32 per cent, bv 

rvidentlv due to the 
''' ‘° approximately the same 

. •' wi'bou. iiuxtures of silver ami Ag,Sii in all the alloys of th, lh>t .set. 
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Tims the results are conclusively in support of Petrenko’s view 
that all alloys, if well annealed, contain only the compound AgjSn 
and free tin, no other compounds being formed in any circum- 
stances. If, however, the alloy contains more than 50 per cent, of 
silver, the first solid separating out consists of a solid solution of 
Ag in Ag^Sn (compare Petrenko, loc. at.), the pure AgjSn onlv 
becoming stable below 480°; when the cooling is not very slow, 
these solid solutions are partly retained in the solid castings. 

The Ageing of Filings of AUogs of Silver and Tin. 

Since the after changes in the properties of the solid filings, 
ageing," may take place in the cold on merely keeping the filing? 
for some time, the plieiiomena might be ascribed to some mctastable 
condition of the alloys themselves. The section above, however, bas 
shown that only one kind of metastability can occur in the tin- 
silver alloys, and this only in those alloys (containing more than 
50 per cent, of silver) which are not completely fused at 480°, The 
dental literature and Black's date in particular describe as pro- 
nounced an effect due to ageing ’’ in the alloys low in silver as in 
those containing much of that metal. 

In order to confirm the existence of, and to determine the extent 
of, ageing," the fallowing method was adopted- A weighed 
quantity of filings, about i grams, was shaken with excess of 
mercury for exactly two minutes, and thereupon the excess of 
mercury xvas squeezed out through a small bag of chamois leather 
by a 5611). weight applied through a piston in a cylinder ‘20 cm. in 
diameter. The weight xvas applied four times in succession, each 
time for thirty seconds, and it ^Yas gently rocked so that the looselv 
fitting piston just moved in the cylinder. 

^"”0 amount of squeezing will remove all excess of mercury, hut 
it was found that the amounts squeezed out in duplicate experimeiib 
were sufiicieutly constant. 

In the present paper, the proportions of the silver-tin alloys are 
expressed in atomic percentages throughout. 

If a certain amount of filings, taken immediately after filing, he 
treated with excess of mercury as above, a definite value is obtained 
for the ratio of the weight of merciiry retained in the residue to 
the original weight of filings taken. Thus, for example, the htft 
two values in talile t were obtained from an alloy of 60 atomic pet 
cent, of tin and 40 atomic per cent, of silver, the ratio of nierctiry 
to alloy found being O' 78 and 0'88. Such filings, freshly prepared 
by filing up a cast ingot of alloy, are termed imaged " when the 

* Owing to tliu very low solnbiiity of tin ami silver at room teiiqteratiiv*', ttc 
meremy sriuwied otiL Teiiujvos only a jiegligiblu utuount. 
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filings liave not been subjected to further treatment before 

fuiialgamation. 

Table I. 


Composition 

Weight 

Mercury retained. 

Ratio 

of alloy. 

taken. 

DiKigecl. 

Aged. 

mercury /alloy. 

40 pci' cent. 

4'3/ 

3-42 


0 78 

5) >♦ 

1'67 

4 '14 

_ 

0-88 

n !i 

4-47 

— 

1 84 

0-41 

,, 

4'63 

— 

1 •8& 

0-41 


Tlie last two results in tabic I were obtained from the same 
fdiugs. Init these were heated for thirty minutes in an atmosphere 
of iiydrogcri at 100*^ l)efo!'e amalgamai ion. It is seen from the 
Table ihat these aged ” filings retained only half the amount of 
mercury that the unaged filings did, namely, 0-41, instead of 
0 S3 of tlioir weight. 

The existence of this unique phenomenon is thus demonstrated. 
It must be clearly borne in mind in the following discussion that 
no met hod of measurement or even of detection of this property 
is known other than that already described. When a cast bar of 
ailoy is freshly filed, with the utmost care to avoid iinnccessa-rv 
force or opportunities of heating, the filings are by definition 
■ imaged.’ When these filings are heated for some time at 100° 
they become "aged,” as is seen by the relatively much smaller 
amount of mercury retained immediately after amalgamation. 

However, after these expcrinienls have once been carried out 
carefully with filings from a cast bar, more or less definite numbers 
are obtained for each percentage composition of the alloy which 
represent the two weights of retained mercury corresponding with 
the states "aged” and •' imaged” respectively. Hence, when an 
amalgamation test of any alloy of a given percentage composition 
1 ? compared with the two standard values representing the " aged ” 
and '■ imaged ” states, an exlension of the above definition permits 
of the use of the terms, " unagech” " aged/' "partly aged,” in 
describing the alloy in question, even altliou^h the filings tested are 
ireshly prepared from a solid bar. It will be noted that the terms 
apply directly only to filings, and not to the massive metal. 

It will be of advantage to summarise the following results for 
retereiice m advance before discussing the experimental details, 
d. The following preparations behave similarly to standard 
unaged filings: (1) Carefully filed fresh filings of all bars of 
a oy , carefully filed fresh filings of all bars of "re- 
lementcrl ’ alloys containing more than 33 par cent, of silver, no 
muter at what temperature the “ receraentation ” of the filings took 
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B. The following preparations were “ aged '' : (1) All filings of 
alloy (not pure tin) whirh had been heated for an hour at lOtP, 
with or without the cxchuuon of air; (2) all rcccmented filings from 
bars containing less than 25 per cent, of silver, no matter at wlmr, 
temperature the re<‘onicntation took place; (3) many filings whidi 
wore oblainod by vigorous filing. 

It will be readily understood that most of the filings exaiuiud 
wei’e neither completely " ag('d nor ideally imaged. 'ilm 
•unsatisfactory riaturc of the only method examination available 
also prevented llic results from possessing any high^ degree of 
aveiu-acv; the accurac'y attainaldc, under good conditions, hardly 
exceeded one; unit of the first place of dex-inials in the ratio; 
iiicreiiry retained/ weight of alloy. 

In table II arc given the standard numl)crs representing the 
“ aged ” and unaged ” states respectively for the various alloys, 
Ttie composition of llic alloy is expressed in atomic percentages of 
silver and tin. and also m percentage by weight of the compoiinci 
Ag.jSn. The last two columns represent the dill'erence in weight 
of mercury retained by one gram of “ imaged ’ and aged ^ filiagSj 
and the ratio between tliese two amounts of retained mercury. 

Table II. 


Mcrriin/ RitnuK’J htj ‘MyrY^’ <nul rnaf/ar’ Filings. 


I'ciecrtag 

;e com- 

Unaged ” 

filing.'.;. 

“ A,gc 

d ” illiiigs. 

Jliif, in Ilg, 

Katiooi' He 
‘ • UUllgt'il 

pusitioii or aiinj'. 

big Z: 

llg in' 

bg 


•* unaged ”/ 

Ag. 

Ag.Sn. 

ulhiy. am 

al.gain. 

aibw. 

amalgam. 

"age.l.” 

“aged.” 

*7o-0 

100-0 

2-12 

dS 

O'lLS 

41 

1 -33 

2-9d 





2 '08 

07 

0'78 

44 

— 

— 






— 

0 60 

4 Q 

-- 


70-0 

P2-8 

1*70 

03 

0-86 

46 

0-81 

2-0 




I'd') 

61 

0 '82 

45 

— 


r.5-0 

72-0 

0-02 

43 

0'37 

27 

0-53 

2'fi 




0-80 

46 

0'35 

26 


— 

40-0 


0-98 

49 

0'33 

25 

0-52 

2-1 




0‘<Si 

44 

0’41 

•20 

— 

— 

_ 


0-78 

44 

0-41 

29 

— 


_ 

— 

0-S8 

47 

_ 

— 

— 

— 


— 

0-89 

47 

„ 

— 


— 

_ 

_ 

0-92 

48 

— 

— 

— 

— 

35.4 

4.T4 

0'S9 

47 

0-19 

33 

0-40 

1-8 

25 0 

31-7 

0’S6 

46 

0-52 

34 

O'iM 

1-65 

1-G 

10-0 

12-6 

077 

41 

O' 49 

33 

0-28 

3-84 

4-77 

0-50 

3.5 

0-64 

40 


ro 



0'59 

37 

0-57 

36 


— 

— 

— 

0'.15 

31 

0'43 

30 

— 

1-0 

* (.'ooled in an 

electric furnace from 430 

—200'’ during a period 

of tlirec day? 


The alloy was very slowly tiled, and it was cooled under the water tap every tci 
second.s during filhig. Tliese values arc relatively as well as absolutely the greato 
which could be obtained. 
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Earh of the following experiments was carried out in order to 
test a definite hypothesis in regard to the nature of ‘‘ ageing/’ and 
they will therefore be dealt with in this order. 

(a) Does a bar which has been heated to 100^ for some time 
before filing yield “ aged ” filings? 

Part of a cast bar containing 40 per cent, of silver was simply 
filod. whilst another part was annealed for half an hour in boiling 
water before filing. 


Idlings from oast bar gave ratio = 0'89 

,, annealed baj' gave ratio ... — 0'92 


Therefore it is nece.ssary for the alloy to be in a state of fine 
division in order to beconie “ aged,” hut the experiment says 
iiotliirig as to whether or not “ ageing is due to mechanical shock 
of filing (compare Cohen's “forced metals/’ ZeitRck. vhyukal, 
('hftn., 1910, 71 , fiOl). 

(/i) Do filings of tin age ? The experiment gave ; 


Ratio fm- frosli filings = 0 A3 

,, annealed lilinga = O'lo 


Thus pure tin does not age at all. 

Hence in contradiction of Black's own theory, tlie phenomenon 
(,f ageing ” is not connected witli any change from one to the other 
of the four known modifications of pure tin (grey, white, orthec 
rhombic, “ forced ’ 


(r) Is “ageing” connected wiili 
transition of 15 A^.,^Sn (stable above 


a possilile suspension of the 
2:311^) to a-Ag.jSn (stable below 


Possibly, as Rosenhain and Tucker (/V//7. Traua,, 1908. d, 209 
SO) liavfi suggested in tile case of lea-d-tin alloys,’ the tin ’forma 
a protective sheath round the mctasialile jS-Ag.oSii crystals. 

Here, then, Die act of filing might regularly convert the stable 
a-Ag^Sn into mcta.stable and annealing at 100° would 

llieii restore the filings to the stable form; thiis tlie difference 
l|epcen miagcd ” and "aged” filings would be merely the 
cliirereiico m reactivity (or possibly the path of the reaction) with 
mercury of the mctastable ^l-AgjSii and the stable a-AgjSn. 

Now the alloys under consideration consist of the* compound 
• g:,Sn, which does not melt below 480°, with eutectic mixture, which 
mots at 220°, that is, 12° below tho transition point. Therefore 
mse alloys can be partly melted without any chance of the trans- 
oimatioii taking place on re-cooling; such bars clilfer neither in 
‘Ppearance nor hardness from the original alloys. This procedure 
= been termed "receraentation ” of the filings. When a re- 
neutatron experiment took place above 232° and a small piece 
gij n was dropped into the semi-fluid mass, every chance was 
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given for the conversion of the a-Ag^Sn into the ^-AggSn, par. 
ticularly as in these cases the alloy was afterwards cooled quickly. 

The following results were obtained, an atmosphere of hydrogen 
being employed in each case: 


10 per cent, of Silver and 90 per cent, of Tin = l2'Q per cent, of 
AggSn and 87'4 per cent, of Tin. 


Unag'd ■’ 

“AKcd” 

Kwc'idcnted bulow 230“ (fivsh filed) 

,, 230' aiul then “aged” 

I, above 250' (fresh tiled) 


Ratio Hg/allov. 

0*77 

0-49 

(0-58 

\0-r)5 

O-.M 

0 *4 D 


Tlie allov recemented below 230*^ yielded filings which Avert 
already aged;'" and practically no mctastablo AggSn could liavc 
been present. On the other hand, the recementation above 250g 
which is the most favourable for retaining inetastable /3-AggSn. did 
not produce '' unaged fLlings. Tlie latter experiment is in direct 
contradiction of the hypothesis (r). 


25 per cent, of Silver and 75 ^e't}t. of Tin-.^Z\'S per cent, oj 

Ag-Sn and 68 ‘8 j)er cent, of Tin. 

Ratio. 

“Uiiaged'’ 0 Sti 

"Agvd” 0-i>2 

(OT.Z 

Kccenient(id at 240 200 t^r one hour and frcih tiled • 0‘fiO 

lo-48 

These results are likcAvise opposed to hypothesis (c). 

35’4 per cent, of Silver ajul G4’G 2 }er cent, of Tin ^Ab'i per cent, '/j 
AggSn aiul 54’6 per cent, of Tin. 

Ratio. 


“UiKigoir’ O'Stf 

“Aged” 0-49 

Revemenfed t'-dow 22SMfresli tiled) 0'72 

„ 227’ ,, ' 0'8a 


o.jr,’ 1 0-78 

^ 1,0-79 

This alloy yields ' imaged filings even when no chance liasbwn 
given (except during the act of filing, and for this compare the 
preceding alloys) for the stable a-Ag^Sn to turn into metastaUe 
^-AggSn. This also docs not accord with hypothesis (c), 
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^0 )er cent, of Silver and 60 per cent, of Tin, or 5r7 per cent, of 
Ag^Sn and 48*3 per cent, of Tin. 


Ratio. 

r0*98 

“(nagea 1^0-83 

‘‘ : 

lYi'ffniented below 283° freshly filed 0‘74 

,, 228“ ,, 0-54 


This similar to tli6 last one. 

The above results are remarkable in themselves, and do not seem 
x> permit of explanation as yet. 

(//) Is '‘ageing’"' the release by annealing of a state of strain 
.nduced by the aet of filing 1 

The experiments with the 10 per cent, of silver and the 25 per 
’ent of silver alloys just cited are sufficient to disprove this, for 
heir filings failed to produce imaged ” filings from a normally 
lard bar of metal 

(f) Is *'■ ageing ” a property of the Ag^Sn contained in the alloys? 
If flic difference betiveen the ratios in table TI is plotted against 
he amount of Ag 3 Sn in the alloys, a continuous curve is obtained, 
iiul when the inaccuracy of the data is borne in mind, it seems to 
ndicate. a direct proportionality betiveen the capacity of an alloy 
for “ageing” and its content of Ag^Sn. Ilcnce the property of 
' ageing ” seems to belong to the Ag^Sn contained in all these 
illoys. 

(/) Is ” ageing ” due to the oxidation of the Ag^Sn particles? 
When filings are heated to 100°, whether in an atmosphere of 
bydrogen or in air, there is a slight colour change, which becomes 
ttiorc marked as the content of the AggSn increases. This might be 
iue to superficial oxidation of the tin in the compound. If, hoiv- 
fever, the surface tin were thus oxidised, silver would be left as a 
.‘otective coating round each particle of " aged ” Ag.^Sn. Now 
erciiry can penetrate through half an inch of tin in a few seconds 
niiipare Roberts-Austen, Introduction to tin- Studi/ I^Tetallurqy), 
lit it amalgamates silver only partly even after many weeks 
leiichel, Denial Cosmos, 1910, 52, 24). Therefore, according to 
le hypotliesis, each particle of Ag^Sn would be protected to some 
ttent from the action of mercury by the silver round it. 

Some 45 per cent, of silver alloy was prepared and filed, a part 
f the filings was “ aged ” and then ground in an agate mortar, 
'hibt the other part was simply ground without ageing ” : 

Ratio for “ unagtHl ” pulv'crbcd = 1'06 
,, “aged " ,, - 0‘42 

Thus the pulverisation had not " imaged ” the latter alloy, even 
Ithough the pulverised filings must have offered entirely unpro- 
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tected fresh surfaces for the action of mercury. This renders 

hypothesis (/) untenable. 

‘To sum up, “ageiii£^ ” is a property of the AggSn contained m 
the alloys and a stated line division is essential for its occurrence; 
nulverisin’c “aged” filings does not “image” them. Probabl, 
electromotive force measurements would throw light on (he 
nhenomena. It seems as if the only possible explanation left 
hat “'a-eiiK' ” is due to polymerisation of the Agshm (compare the 
rcl-rlioiiships'' foinul by Allmand in the case of copper hydroside 
Trans., 1909, 95 , 991; 1910. 97, 603). . ir , ,, 

It will bo seen lielow that “ ageing docs not alicct the naliirc 
of the amalgam linally obtained, provided that excess of inemiry 

Hwas found that no more mercury is la-ken up cither by “ aged- 
or '■ ummecl ” filings after a few days, and the linal proportion oi 
mercury ml allied m the solid is tlie. same in both cases; 11, is. b, 
conllr, nation of the results of the solubility measurements to fe 
described, show.s tlia.t the solid amalgams ultimately obtained Iram 
“.aged” filings are identical with Ihosc made from “unaged- 

'''xhus I he sole effect of “ ageing ” is to retaixl the initial stages of 
amalgainalioii. 


Tin amah'am has licen most thoroughly studied by W. ,1. van 
Heleren {Znt^rh. mm;,. Ch'm., IDM, 42 , 129). He deternimed II* 
melting points of all amalgams from pure tin to 5 atomic per cent. 

of tin, which melted at 6.5^. . i 

The following table contains all his analyses of the Injuid phase 
together with some furihcr determinations: 


Till in liipiid I'lia-se. 


Terni'craturt*. 

van .Hfitci’eii. 

Joyner. 

18 -rS" 

0‘30 atomic per cent. 


O'O 

U'O 

0-59 ,, 

1 *05 atomic per cent. 

liVO 

0*97 ,, ,, 


25 '0 

25' I 

1*21 „ 

r2i „ ,> 

63 '2 


4'01 „ 

90*0 

163*0 

— 

18-0 

— 

66‘7 ,» *> 


From electromotive force experiments, he concluded that ii» 
compound between tin and mercury exists, but solid tin ama gw 
simply mixed crystals containing about 1 per cent, of mercuiy. 
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S d t; er A m af gam. 

Xiie constitution of tlie silver amalgams at the ordinary tem- 
)cratm'c lias been linally establislied by the thorough investigation 
»f Ogg {ZiihcJi. 'phij.dhtd. (Hiein., 1808, 27, 28.'!) and Reindors 
IhuL, 1004 , 54, (109). Only the compounds Ag.dig^, Ag.^Hgo, and 
Vg.dl"' can e.xist, and of these commonly called "’Arbor 

ia the only one readily formed. 

The following determinations of the composition of the liquid 
diasc in equilibrium with the compound AgJlg.j have been made: 

Tuinpcraturo. Atomic per cent, of silver in liquid ].]jast’. 

14“ 0-07 

:.K) 0 ■1)8(1 

(C! 0 1') 

DO O'.'G 

lOd 1 'DJ 

Fa'iudufs obtained O’OTt) atoiiiie per cent, rit rooiu leiiijiOfiUre. 

Tin Tcrnari/ Si/Hti'm : Tin, Si! rcr, Alercurj/. 

Clicrnical literature contains no data at all in regard to the 
d levs of mercury with silver and tin. The solid amalgam used for 
.IcTital fillings are usually made by tiling up the silver-tin alloy, 
nibbing it with mercury in tlie hand or in a mortar, and squeezing 
)ut some of the excess of mcreuiw. The pasty, scrai-erystallised 
solid so obtained hardens within the course of a few hours or days, 
dtliougli very slight changes of form and possibly of volume con- 
Imiic to take place for many months nr years. Tliis hardening is 
Dbvioiisly due to chemical change, although it has been hitherto 
unexplained. The experiments wljich follow demonstrate con- 
clusively that the chemical reaction results in the breaking up of 
the compound between the tin and the silver (Ag^Sii) in order to 
form the compound Ag..,Hg 4 , leaving all the tin in the free state. 
As will be seen, other relationships hold at higher temperatures. 

A comprehensive series of cooling curves of the various amalgams 
were taken, but the chemical changes involved are too slow for this 
method to be advantageous. It was found that all amalgams of tin 
’and silver, even those that have long hardened, undergo partial 
lusion at 65 — 100'^, and gradually become more completely fluid 
the temperature is raised. No break in the cooling curves is 
met with at higher temperatures. This means that there are only 
two groups of equilibria corresponding with higher and lower 
temperatures respectively. 
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Investigation hy Anvilysis of the Liquid Phase, 

The phase rule predicts that the solubility of a given component 
in the liquid phase must remain constant so long as any of this 
component exists free as a pure solid phase. A sudden break in 
the concentration in the liquid phase 'will thus occur when one of 
the t\Vo solid phases allowed by the phase rule disappears and is 
replaced by another. Should no compound exist containing both 
silver and tin in combination with mercury, the composition of the 
liquid amalgam is constant independent of the relative proportion? 
of the metal in the solid phase. This simplest case is realised in 
the present system at room temperatures. 

The following procedure was finally adopted. An alloy of definite 
proportions was prepared, filled, and place in a glass tube, and on 
the tube being filled with hydrogen, mercury in excess was added 
and the tube sealed off. The tube was then placed in a thermostat 
and was frequently shaken. It was found that equilibrium r. 
attained in about a week, but a fortnight was allowed. For analvsk 
the tube was opened, and by means of a glass tube with a plu<r 
of glass-wool in the end, a quantity of the liquid phase, free from 
solid, was withdrawn by means of a pipette. This was weighed, 
dissolved in 100 c.c. of nitric acid (1'4), and the solution boiled for 
a minute or two, this being ne(‘essary to convert the mercurois 
nitrate into the mercuric salt. After the evolution of brown fumes 
had ceased, water was added (fOO c.c.), and the solution again 
brought to the boiling point and then allowed to settle. The 
metastannic acid thus formed was collected and estimated in the 
usual way. To the filtrate, the calculated amount of ammoniiiin 
cliloridc necessary to convert all the mercuric nitrate to mercuric 
chloride was added. The above precautions are necessary, since 
silver chloride is soluble in solutions of mercuric nitrate (Trans., 
1908, 93 , 1405), and is tlierefore not completely precipitated as 
long as any of the latter salt remains. To free the silver chloride, 
which was formed in a very finely divided condition, from small 
amounts of calomel, the precipitate was treated with ammonia, 
solution, the silver being reprecipitated by nitric acid. The silver 
chloride was then estimated in the usual way. 

In all tile experiments described, the amount of solid alloy added 
to the mercury was at least double the amount necessary to saturate 
the mercury with tin. 

The following experiments were carried out with “aged” filings 
at 25‘40°±0'OP. 
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Table III. 


Alloy. 

Percentage of tin 
in liquiil amalgam. 

Percentage of silver 
in liquid amalgam. 

100 per cent, of tin 

0-743 



0 751 

— 

80 ,, M 

0-750 

.... 

70 ,, >1 

0 760 

0 045 

60 

0-746 

0-046 

oO ,) 

0-748 

0-018 

40 ,) II 

0-76-2 

0-050 

30 

0-751 

0-040 

-20 ,, ,, 

0-743 



10 n 

0 752 


0 ,, 

— 

0-043 

Average 

0-751 

0 045 


A repetition of the above experiments, using double the amount 
o£ ' aged filings for the same amount of mercury, gave the follow- 
ing results (there was not enough liquid phase for analysis in the 
experiments, using 10 and 20 per cent, of tin) ; 


Table IV. 


Alloy. 

Percentage of tin 
in litjuid Hiiialgaia. 

Percentage of silver 
in liquid amalgam. 

50 per eeiit. of tin 

0 7.51 

0-043 

40 1, ,, 

0-755 

0-040 

65 ,, ., 

0 748 

0-046 

70 

0 ■ 7 5 6 

0-044 

Aserage 

0-753 

0-043 


Finally, the following experiments with '' unaged " Tilings were 
carried out, but at 25‘6° + 0'01° : 

Table V. 


_ Pti’oentage oi' tin Pcieciitage of silver 
in ainalgain, iu liquiti umalgani. 

20 per cent, of tin 0'7a0 O-0;33 

*'0 „ „ 07t>0 0-044 

78 „ „ 0-704 - 

Avu-uge 0-77)3 0-011 


These striking tables demonstrate conclusively that at room 
temper at lire no solid amalgam exists containing both silver and tin. 
The silver amalgam, which has tlic composition Ag^Hg^ 
(Reiiiders and Ogg, loc, cit.), exists quite independently of the 
solid tin amalgam, which is a solid solution of a per 
wnt. or so of mercury in tin. Again, the solid amalgams, 
h'inied from the aged '' filings, arc identical with those obtained 
from imaged filings, since the analyses of the saturated liquid 
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amalgams do not differ by more than 0‘8 per cent, of the 0'75 
cent, of tin present. 

Similar experiments were carried out at 63‘05°±0‘15° witi tij 
following results; 

Tablu VI. 


Alloy 

0 [icr ci'iit, of .silv(;r 


0 

*0 

0 

^•20 

*.'.0 

fiO 

80 

100 


Percentage of tin Percentage of silvi^ 
in liiiuid anialgain. in liquid amalgiuu, 
2‘35 - 


2'36 


2‘34 

— 

2 -.58 

0-184 


0-177 

2’5G 

0 185 

2-30 

0184 

2-.5(l 

0-175 

— 

0 100 

— 

0-103 


Cohen and Inouyc {Zeifsrh. 'ph}jnk((l. Chew., 1910, 71, 626). in 
a recent paper on zinc amalgam, have emphasised the magnitude oi 
tlie inaccuracy possible in such solubility determinations at higiiu 
temperatures. Hence in the measurements marked with an astorijk 
a filter of cdiamois leather attached to a suction pump was employed 
for drawing off tlic liquid amalgam for analysis. It is satisfactory 
to note that this made no difference in the results. 

It is evident that at 63^^ the only two solid phases occurring are 
still the compound Ag-^Hgq and the solid solution of mercuTy in 
tin. The solubility cin've nf solutions saturated wdtli respect io 
both mercury and tin forms a. veay ilat curve through the flaw 
known points, and tlius ineasiiremenls at iniermediaie trinperatiitv; 
have been unnecessary. 

Thus the general form nf t)ie ternary diagram is cstablislied for 
the temperatures from tlic melting point of TiKuamry ii)) to 6;H 

Tlierc is no cnteclic mixture, since the solubility of tin and d 
silver both become immcasuraljly small well above tbc solidification 
point of mereui’y, 

The simple relationsliips wbicdi liave Ijeen found for tem]}eralHros 
up to 63^^ do not iiold at liiglier temperaliirrs. There is a .sharp 
transition point near 70'^ with the formation of a ternary coai- 
pouiid, possibly ( Ag;.Sn tJIg ; this will form the subject of ;i tiU'tliH' 
comnumicatiou. 


In conclusion, 1 wish to express my sincere thanks to Dr. 

W. McBain for tire vm'y kind lielji he has given mo in my work, 
which was undertaken at Ids suggestion. 

Che.mical Djepakt.mkxt, 

UNivEusny, Ihn^TOT,. 
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Co'inimuuh of Phenoh and Flienolie 
FAhers loith Aromatic Polynitro-derivatives. 


fiv .roHN JosRPK SuDBOUOUGH and Stanley Hoskings Beard. 

Attention lias already been drawn to the readiness with which 
rvlamuies combine with aromatic polynitro-componnds (TVans,, 
901, 79,522; 1903, 83 , 1334; 1906, 89 , 583; 1910^ 97 , 773), and 
t, lias been shown that the effects produced on the colour of the 
dditive compound by the introduction of siibstiiiients into the 
.rvlamitie molecule are exactly parallel to the effects produced by 
he same suhb'tittients on the auxochromic nature of the primary 
miiiogroup. It is well known that the hydroxyl group is an 
iixochrome, although not so powerful as the amino-group. We 
,’erc therefore induced to determine whether phenols and their 
ierivatives are also capable of forming coloured additive compounds 
nth tmiitrobenzene and similar polynitro-derivatives, 

The results show that such coloured additive compounds can 
xist, hut that as a rule the colours of the compounds are not so 
rQuounced as in the case of the additive compoiinds with aryl- 
jjiinc.s. This is well shown by a comparison of the additive coin- 
ouvids which trinitrobenzeiie for/ns with the miphlliylamines and 
aphthols ; 


a-Xiiphtliylauiiin; a/inl triMilviilH azcii*' hrif'k-rctl. 

/3.Xaii|itliylaniiiiL' „ ,, 1 1 liviek-ml. 

a-Xaplithol ,, ,,, Oiaiitic-vi/llntv. 

/J-Xafjhttol ,, ,, C;iii:iry-y>’ilow. 


Cojupounds of plienols willi trinit robmizene do not appear to 
avo been pi'eparcd previously, but numerous examples of additive 
onipoundsof picric acid wiili phenols and ])hc]K)]ic ethers have been 
escribed, and recently Meldola (IVoc., l!)dS, 24 , 2I()) has prepared 
stable, red additive compound of napliihol with trinitroacetyl- 
minoplieiiol. 

In our experiuicnt.s witlj amines we nere a))le to sliow tliat coin- 


ination with trinitrobenzene takes place when the, nitrogen atom 
f the imino group forms part of a closed ring, for example, tri- 
henylpyridine, tetrahydroqniiioline. etc. We also find that when 
he oxygen atom forms part of a ring tlie compound is capable 
f coiiibiniug with trinitrobenzcuc. The best example to illustrate 
liis point is coumaronc, which yields a very pale 

ellow, crystalline, additive coinpoimd, niphimylene o.vide, 
^Iso forms a definite additive co»i{)<;und. 
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Ketones, for example, benzophenone, acetophenone, benzol] 
benzil, and deoxybcnzoin do not appear to form additive compouud 
and when both CO and 0 groups are present in a ring syster 

for example, xantlioiie, and di methyl 

compounds with trinitrobcnzene ar 

not formed; in the case of coumarin, the formation of an additiv 
compound is shown by an examination of the melting-point curve 

The various phenolic ethers also tend to form coloured acldibv 
compounds with trinitrobenzene; the colours of these compound 
arc, as a rule, yellow, but quinol dimethyl ether forms an orauge-re 
additive compound, and asarone a deep pruiie-colourcd compouiu 
As regards colour, there is no marked difference between the cou 
pounds derived from the plienols and those derived from thei 
ethers. Similarly, Hofmann points out that the auxocliromic effect 
of t he hydroxyl and metlioxyl groups are very similar. 

In a former communication [loc. cit., p. 776) we have draw! 
attention to the fact that quinoline and substituted quinolines forii 
nearly colourless additive compounds with trinitrobenzcnc. On: 
]irc?ent results show that by the introduction of a hydroxvl groiij 
into the cjuinoliue molecule, more stable and more dccplv coloured 
additive compounds are formed with trinitrobenzene. The colotu 
of the additive compounds is, as a rule, canary-yellow when tb; 
hydroxyl group is attached to the pyridine nucleus, but of a browr 
or brownish-green colour when tlie hydroxyl groupers attached to th 
henzene nucleus. 

A comparison of the bcliavioiir of the isomeric pairs oi 
compounds : 

Kngeiiyl jncthyl ether. i,s'(/F,ugpnyl methyl clhi-r. 

Sal role. twSafrole. 

Apiole. ivoiAplolp, 

towards trinitrohenzene was of interest, as Bnini and Toriiaiii (H"' 
H. Accad. Llnce’u 1904, [v], 13, ii, 184) state that the compouiidi 
containing apropenyl group (•CHICHMe) form additive compoumt 
with picric acid, whereas the isonierides containing an allyl group 
(•Cll.i’CH.CIL) do not form sucli compounds. 

Our experiments prove that apiole and safrole qnd also /soapioh 
and /'-(^safrole form additive compounds with trinitrobenzene. Tlteie 
compounds are comparatively stable, and can be crystallised irm 
solvents, .Tt is iwticeable, liowever, that the colour of the com- 
pounds containing a propylene group are more pronounced than 
those containing an allylene group; thus, fsoeugenol, weeugcud 
methyl ether, tsosafiole, and /.^oapiole all yield brilliant red additiw 
compounds, and asarone yields a prune coloured compoinul wid 
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tiinitrobenzenc. The colours of the additive compounds are 
unilonbtedly influenced by unsaturated linkings or subsidiary latent 
valencies in groups adjacent to the benzene nucleus. Thus, amines 
v.irli the tervaleiit nitrogen atom (two latent valencies) directly 
auaclied to the benzene nucleus form deeply coloured additive 
(Oiiipounds, phenols and phenolic ethers with the bivalent oxygen 
atom (two latent valencies) attached to the nucleus form less deeply 
coloured products, and compounds which possess phenolic oxygen 
and a propenyl side-chain both attached to the nucleus give deep 
red coloured compounds. 

The fact that cyclic compounds containing both a carbonyl group 
and a bivalent oxygen atom in the ring do not readily form additive 
compounds with trinitrobenzene may be due to the fact that the 
latent valencies of the oxygen atom are neutralised by the carbonyl 
in a manner similar to that suggested by Collie in dimethylpyrone. 

We have previously pointed out (Trans., 1910, 97, 777) that 
compounds containing both hydroxyl and amino-groups do not form 
stable additive compounds with trinitrobenzene. We have not 
been able to confirm this by the examination of freezing-point curves 
as tnixUires of trinitrobenzene and an aminophenol decompose when 
lieated. It is possible that the inability to form stable additive 
compounds may also be due to the fact that the subsidiary valencies 
of the oxygen and nitrogen atoms neutralise one another. This is 
supported by the readiness with which amines form additive com- 
pounds with phenols (compare Dale and Schorleinmer, Trans., 1883, 
43, Dyson, ibid., 4G6; Hebebrand, 1889, 15, 1974- 

Philip, Trans., 1903, 83, 814; Philip and Smith, ibid., 1905, 87, 
1735; Kremann, Monatsh., 1906, 27, 91 ; Dollingcr, ibid., 191o' 3l' 
fi43; Schmidt and Wichmann, n,r., 1891, 24, 3237; Stevignon' 
Hull. Sac. dam.., 1910, [iv], 7, 922), as do also phenols and ketones 
(Slclmudlin and Lang, Ber., 1910, 43, 2S0G}, and amines and 
luuiones (Loi'iiig Jackson and Clarke, .-hiur. Chtm. J. 1905 34 
141). ’ ^ ^ 

Aromatic hydrocarbons also form additive compounds with tri- 
lutrobetizene. We have already prepared a number of these additive 
compouads. ^ That farmed by iiaphtbalene and tri.iitrobcnzeue 
riystallises m light yellow-coloured needles, and the introduction 
W t ie hydroxyl group tends to deepen the colour of the additive 
fonipouiid. Other substituted derivatives of naphthalene also yield 
cumpourids with trinitrobeiizeiie ; tlius, methyl , a-iiaphthoate and 
wetu 4i-iiaphthoate form stable additive compounds, which 
ciystallise from alcohol in very pale yellow needles. 

- tew additive compounds of phenols with polynitro-derivatives 

naphthalene, namely, a tri- and 3-tctra-iiitronaphtlialene, have 

'■Ob XCIX. 
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loMi propared, and it is noticeable that the colours of these com- 
loiiiuls are much more pronounced than those of the additive 
l-oiupounds of the same phenols with triuitrobenzene. 

s Trinitrotoluene also forms compounds with phenols and their 
tleriva-tivcs, but on tlie whole they are less stable than the products 
derived from tri nitrobenzene. 

In several instances, melting-point curves have been constructed 
in order to determine whether there is combination between tfinitree 
benzene and certain oxygen compounds. By this method we have 
been able to show that dimethylpyrone, xanthone, s-fcribromophenol, 
■iiid phenyl ether do not form additive compounds, and that 
cnumariti yields an excessively unstable product; fiuorenone and 
rpiiiHil more stable compounds. 


IV. — Mdtln fj -Jio I n t V u r v cs . 

The seven curves given in the diagram show that tlie cyclic oxygen 
com pounds, coumarin and fiuorenone (diphcnylenc oxide), yield 
additive compounds with ^-trinitrobenzene in the absence of a 
solvent, whereas xanthone and diinethylpyroiie do not. Quiiiol also 
forms an additive compound, which is comparatively stable, but 
diphenyl ether and s-tribromophenol do not. 


Non-formalio?}, of Additive Covifounds. 

The following compounds do not appear to yield additive com- 
pounds with triniirobeiizene in the presence of a solvent: 
p-ITydroxyacetophenone, 2 : 4-dihydroxyben2oic acid, and the 
hoiueric 2; 5-dihydroxy-acid, quinic acid and its ester, triphenyl- 
Scarbinol, p-diphenol, diethylresnrcinol, cugenol, eugcnyl methyl 
i ether, jj-dihvdroxydiphcnylmctliane, bonzil, and benzoin. 

In conclusion, we wdsh to thank Mr. F. Tutin for a specimen of 
2:4: 6-trim ethoxyphenyl 3 : 4-dime thoxy sty ryl ketone, and the 
Council of the Society for a grant which has covered part of the 
cost of this investigation. 

Edward Davies Chemical Labokatokies, 

UxiVEKSITY COLIEOE OF AVaI.ES, 

Abkhtstwytii. 
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XX VI. — The. Relative Effect of Ethylenic and Acef.ijl 
enic Linkings on Optical Rotatory Power. 


By Thomas Percy Hilditch (1851 Exhibition Scholar). 


The study, by means of several series of esters and alkaloid sab 
of the relative effects of ethylenic and acetylenic linkings on 
optical rotatory power has shown that Walden's simple rule tlut 
the rotatory power of the acetylenic member is intermedia.te 
between those of the saturated and ethenoid derivatives 
'physikaL Chem., 1896, 20 , 569) does not always hold good. Onlv 
two complete series of acids have, however, been used in this 
connexion — jS-phenylpropionic, cinnamic, and phenylpropiolic acids 
and succinic, fumaric, maleic, and acctylcncdicarhoxylic acids 
Further, in every instance so far observed, the ethylenic ester or 
salt shows an increase in rotatory powder over the correspondin'^ 
saturated compound, variations having appeared only in the relative 
effect of the acetylenic derivative. It is nevertheless probable tliat 
this consistent increase is due rather to the reinforcing effect of the 
contiguous carboxyl group than to the simple ethenoid radicle, for 
optically active compounds containing this grouping uncon jiigated 
with other unsaturated residues possess sometimes an enhanced and 
sometimes a diminished rotatory power : 


Men til vl 5i-propvl ether (T.s(’hnga<''ff, J. Russ, Pliys. Om/i 

*S‘ac., 1902, '34, 606) 

Mentlivl allvl other (Haller and March, Oompi. rend., 1904 

136, 1655) 

n-Propvl santouatc (Caruelntti and Nasini, Bcr., 1880, 13 

2208) 

Allyl saiitoiiato (Cariielulti and Nasini, Ber., 1880, 13 

2208) 

Tartarodi-n-propylandde (Frankland and Twins, Trafis. 

1906,89,1852) 

Tartarodi<allylamide (Frankland and Twiss, Trims., 1906 
89, 1852) 


[Mjr, l)ilTereIlc^, 
-182-5 
193-1 +10-S 
+ 120-4 
120-2 - 0-2 
+ 290-0 
273-0 - 15-0 


No similar active compound containing a simple acetylenic residue 
has apparently yet been prepared, but even when reinforced by de 
presence of an adjacent carboxyl group the effect of this linking is 
curiously uncertain. In two cases, indeed, the relative effects oi 
the ethenoid and acetylenic groups appear to be determined by the 
solvent in which the polarimetric readings are made. For exampkt 
the author found that menthyl phenylpropiolato showed less rotatory 
power than either menthyl cinnamate or menthyl j8-pheny] propionate 
in chloroform or acetone solutions (Trans, 1908, 93 , 1), whilst Ktipe 
{A7U3alen; 1909, 369 , 311) states that in benzene these esters 
conform to Walden's rule. Since the specimens used in the former 
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i.rinicnts furnished, when dissolved in benzene, numbers agreeing 
'V']i\liosP of Rupe. the discrepancy cannot be due to impurity or 
experimental error in cither case. The second example of this 
nd has occurred in the course of the work now being described. 
'^Tiie order of effect of unsaturation for amyl esters and coniine 
of the cinnamic series of acids is the same, but differs from 
•I'at of salts of the more complicated alkaloids, brucine, codeine, or 
dnclionine (Trans., 1908, 93 , 700). It was llionglit that this niiglrt 
nclicate that the rule was true for compounds of a simple optically 
u'tivc structure, and therefore the same esters of ^/-mctliylhexyl- 
'arbinol (d-scc.-octyl alcohol) were prepared, and, in view of the 
\Kpcriencc with the menthyl esters, w'cre examined in chloroform 
itui benzene, as well as in the liquid condition. Two distinct series 
specimens (from different samjdes of active octyl alcohol) showed 
oractically the same activity. The order observed was, how'ever, 
aol, that anticipated, for, although tlie esters themselves just suc- 
ceeded in conforming to the rule, the acetylenic compound possessed 
tliC greatest anomaly of the three in chloroform or benzene solution.* 
The anomaly in rotatory power has been based, as usual, on the 
diflerences, “ [RId- ’ from the mean molecular rotation of the liigher 
fattv acid esters, and the data used in determining the latter 
normal value were as follows : 

(a) Without Solvent. 



d 2074 h 




r/-Methylhexyl(;arbinol 

0-821b 

9 ',5 7 

+ 12'4 


(Z-JTpthylhoxylcarbinvl /i-butyrate . 

0 '8(333 

-r8'20 

+ 16't 


,, «-pe.ntoate 

0-8580 

8'5S 

18'3 


,, 7i-nexoate .... 

0'So62 

8-43 

19-2 


Mean mulecular rotation 

.. 

- 

+ 18-0 


(6) 1 71 Sohitio7i 

(2‘5 per cent.). 




ChloTororni. 

Benzene. 


[a].. 



[M],: 

cZ-Metlivlliexvlcarbinol 

-!-S'76 

+ 11 -I 

— 


;</-?i]ethylhexy!carbinvl 7i-butvrate 

+ 4 '00 

+ 8-00 - 

1-1-04 

+ 2-08 

5, <t.-pOiuotxte 

3-72 

7 '90 

0-96 

2-05 

,j n liexoate 

3-52 

8-03 

0-92 

2-10 

Mean molmiUr rotation 



i-S'O 

_ 

+ -2-1 


The values observed in the esters studied are collected in tlic next 
table. 

kimist he remarked that ia ni tliroe ca.ses the ditrerctice in [M],. between 
octy 1 cinn am ate and phenyl propio! ate is less than 1'5 per cent. 
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(a) Without Solvent (length of tube O'l-dcm.; temperature 

^2074^ W.. [M].,. 

fZ-Methylhexylciirbinyl ;8-plieiiyli'ropionate 0-9426 +11'92 +31‘2 4 

eiuuauiatft 0'9645 35 ‘32 91 '8 * 0.5 

’* phenylpropiolate 0-9876 35-08 90 ‘5 

(h) In Solution (2'5 per cent.; length of tub© TO-dem.; 
temperature 22°). 

Chloroform. Benzene, 

Tmk ih]:; 

+ 30-2 +22-2 +6-00 +15“7 + 13 .; 

79-1 71-1 33-04 85-9 5 ;.. 

79*7 71-7 35 T 2 90-6 

The data derived from the succinic acid series has been based up 
t-o the present only on their alkaloidal salts, but the respective 
mono- and di-menthyl esters have now been prepared, and this 
survey of the relative effects of ethylcnic and acetylenic groups on 
rotatory power will be concluded by quoting the figures so obtained, 
Tlie measurements were made in chloroform and acetone solutions 
cat concentrations of about 5 and 2-5 per cent. Since concentratioc 
has little effect on the optical activity in these examples, it vvil; 
suffice to give the results for one dilution only in each case; the 
temperature of measurement varied between 22° and 23‘5°. 

Menfhyi Hydroyen Esters: 2‘0 'per cent, solutions. 

In chlorofoi'm. In acetone. 

[ST 

8ucciiiate ■ 66-00 

Funiaiate 7125 

Acetylenedicaii'oxylate ... 67 '75 

Dimenihyl Esters: 2’5 per cent, solutions. 

In chloroform. In acetone. 

Succinate 

Fuiiiarate 

Acetylenodicavboxylate 

The whole of the results now available may conveniently he 
summarised at this point: 


[l].- 

[51], V 

[bl. 


[51],.. ID> 

-82-4 

-324-6 

+ 1T 

-81-4 

-320-7 -O'? 

100-6 

394‘3 

36-0 

99*4 

389-6 F3;t6 

84‘2 

32S-4 

3-0 

85-6 

333-9 5-S 


[51]n. 


[a].. 

[M]„. 

[D],. 

- 169-0 

+ 7-8 

- 65 "50 

-167'7 

-r6-5 

180-9 

19-7 

69-25 

175-9 

11-7 

170-6 

9-4 

68*75 

173-3 

12-1 


rf-Mtithylliexyb'pTbiiiyl 

/3-phenyl|'i'opioriate . -}- ir52 

rf-J[ethyUu‘xylcarbiiiyl 

cinnamate 30 '40 

f/-MclhylhexylcarViinyl 

ithenylpropiolate ... 30*88 



A Old solios, 
ICuiiKUiiic, o(c 

fto. 

otc. 


.«r™K,cu„OKoPnoA.Ko„roHvpow.a. 22. 

Rotatory p.nver of; 


Optically active 
aystan. 


etc. 


Amyl estm.* 
sor. -Octyl esters, 
Meiithy] esters, t 
Menthyl acid esters. 
Diffienthy] esters, 
Coniine salts, 

SCO.. Octyl esters, 
j^riicine salts, 
Cineboniiie salts, 
Codeine. 

Cinc)ioni[ie, 

(?o(feine. 


Rcuzone. 

/ Chioroform 1 
(. or acetone. | 
Cbloroforn.^ 
i Cliloj'oforin 1 
(or Iteiizone. j 
Ohio ro form. 


Orcatcst. mediate. 


Inter- *’ 
tncdiatc, Greatest. 


|('i!iiK}jiii(', etc, Jleritiiy] esters, 
; . Bornyl esters. ’ 

Siiccnno, etc, Brucine s^Its, 

* Mbilden, loc. cU. 


t 01 acetone, f 

Cblorofoi m. ' " T ” 

" ?oo. al 


Greatest. Least. 
Greatest. 


T till 

no most interesting print, 

(0 iitere is no general rule to cover tim i .■ 
and donbh-linked carbon atoms Oebl 

('<) It IS curious that in ablut half f u 

opted activity of the acetylenic compound ' O 

[to tkt of ether fie saturated ol b! , '’>=0’ near. 

|«inst, hmvevcr, be attributed to coin 'a '*™vative. Tbi 

tlicethenoid and sometimes the saturrtod’“’ 

[resemblance is found. ^«»rated compound to wifoi rfos, 

, (<■) It would appear that, in additie i 
fwtors must contribute powerfullv fl ! , " ’’^^‘“ration. otiei 

rotatory power, and that avhilst tL i fl"* 'i'^termin.ant of tie 
be sufficient, j, stron to c- ut"'^ >^«nd 

“"Sbout, that of the acef^nic itl ' ‘ 

t ciefore more liable to be perti toi ^ ® and 

01 er factors. or masked by those l„e fo 

; W The menthvl esteix it • 

V'} I^erivatives 

amds show 

double or triple ca-rbon Mm 7' ““ -i^^atil 
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Experimental. 


r .. ,1 rndhilheruUiirhiHol used was prepared 

The active .'f,; Pickard and Kenyon. Trane, 

f<:rr.' 058 T Thltniple finaUy used boiled at 86-870;oo 

ft kCKi Tlie esters were made by heating cqiiival«. 

“ ^Vefof tlm alcohol with the appropriate acid chlonde allOip 
T‘“t ‘o or t hours, and, after other purifleatron wore W., 
for t\^o or IT Ycssure before polarimetnc exiiiriiia- 

fractionated under aliphatic compoimds mr« 

Uo„; , ";f al in tmial ..y (eouipan 

esters were colourless, at 112“/20 mm. 

/^;S 7^8^^ when7 MR„ (fonna) = 58-57 (theory 

f' TTi.O.i. requires L n i 

crio m7„ 

d-.¥et%ft«,vfa-6ini/; u-teoefe boiled at 
l,r O-Soel < 1'42547, whence ME„ (found) .. f 
0-0989 nave 0'2G67 CO. and 0-1104 H,0. C-7o b 3 , H-12 0, 
l^TP^O.rccfuir'es C = 73-69; H = 12-28 per cent. 
d-.V«rtyttlrv/»rW / 3 -pto.y/propio»«te boM at 196-19,^,2 mm 
m 0-9 4 26. ?i 7 ? 1 -47762, whence MKi, - 78 hb . 

0 1 gav: 0-3518 CO, and 0-1066 H,0. C = 77-50; H^O-,.. 

C,H,„0.. requires C = 77-85i 11 = 9-92 per cent 
d-.tfe(%tt,«,yf»r6inyl ««««»*« boiled at 200'>/25 mm., D. 096-15, 

I '51451, whence ME^ == 81*22 : „ 

0-1203 gave 0-3444 CO, and 0-1020 H,0. C = 78-09; H = 9-42. 

C,.H.,A« 0 “«^C = 78-45; H=9-23 per cent. ^ 
A-mhfimykwhiwjl pkmylpropirMs boiled at 200-202 ,-o am., 
D? 0-9876, b'S 1-31014, whence MR„ = 78-15 : ^ 

fl-1042 gave O'.iOOl CO., and 0-0831 HoO. C = 78-o6; H= ‘ - 
’C,-H.,0,, requives C = 79-Q7 ; H = 8-53 per cent. 

The nienthyre.sJers of the sneoinic acid series > 

healing about 5 grams of the acid with 8 g”-™® “ jj,, 

tempei-atuvc of 120-130“ in sealed tubes for ten 
ethereal solution of the reaction product w-,as filtered and 
twice or three times with sodium carbonate solution. jj.ijiied 

layer was dried and evaporated, and the residue quickly 
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•iirrent of steam to remove any excess of the alcohol. Tlie 
furnislied the dimtn-ihyl ester on re-extraction with ether, 
li e ‘ilkalitic extract^ containing the salts from unchanged acid 
1 acid ester, was treated with dilute sulphuric acid, and extracted 
^ ' ether, whereby the hydrogen ester was obtained. In this way 
p jiiv good yields of the succinates were obtained, but the results 
[ the other two acids were not so good. Great difficulty was 
I tind in obtaining the latter esters in the solid state; indeed, this* 
i not attained in the case of menthyl hydrogen fumarate and 
diiiienthyl acetylenedicarboxylate. Since the esters could not he 
distilled in a vacuum without decomposition, recourse w^as had to 
tlie method of purification used in the case of the liquid alkyl 
hvdro<?cn camphoratos (Edminson and Hilditch, Trans., 1909, 97 , 
after which the analytical numbers obtained agreed closely 
with those demanded by theory. 

}fcnthi/l hydrogen fii^marate, C02H-CTi!GH*C02-Cj(,H]g, is a 
colourless, viscous oil, not crystallising when cooled in a mixture of 
solid carbon dioxide and acetone, decomposing and charring at 
about 200^: 


0 1826 gave 0 4400 COo and 01514 H^O. C — 65 72 ; H - 9'21. 

C14H2 O4 requires C = 66‘14; H — 8'66 per cent. 

Dhnenthyl fumarate, CioHig-COo/CKlCH-COo-CnJ^io* crystallised 
ill very large, colourless prisms, and was only obtained solid wdth 
great difficulty in the first instance, thereafter crystallising readily 
from light petroleum, and melting at 55° : 

0'1938 gave0'o200 CO^ and 0T810 H^O. C-73’16; H-10'3S. 
requires C~ 73-47; H- 10-21 per cent. 

Menthyl hydrogen acctyJencdicarhoxylate, CO^H'CiC’CO^'Ciylli^, 
ci-vstalliscs in small, w^ax-like needles, melting at 79°: 

0-1096 gave 0*2690 COo and 0'0780 H^O. 0 = 66*92; II = 7-91. 

requires 0 = 66*67; H = 7*94 per cent. 

1)1 men t h yl acetyl e ned tea rh 0 xyla t c, CjQll^g'COo'CiC'COo’CjQHjgj is 
a colourless oil, not crystallising at the temperature of an acetone 
solution of solid carbon dioxide, and decomposing before boiling 
under diminished pressure (20 mm.) : 

0*1557 gave 0*4186 CO2 and 0*0139 H.^O. 0 = 73*31; H = 9-92. 

C24H3SO4 requires 0 = 73-84; 11 = 9*74 per cent. 


The author would acknowledge his indebtedness to Professors 
Collie and P. A. Guye, in whose laboratories this research was 
undertaken, and to the Research Fund Committee of the Chemical 
Society for a grant in aid thereof. 

Univrrsitv College, L.\boratoire de Chimip: Tii6oriqi-e, 

London, U nivkiusitj?; de GenLte. 
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XXYIL—The Effect of Contiguous Uyisatum,,] 
Groufs on Optical Rotatory Power. Pan j’/ 
The Influence of the Carbonyl Group on OpiPp 
Rotatory Poiver, Part VI L The Relative 
fluences of Aromatic and Hydroaromatic 
on Optical Rotatory Poiver, Part VIIL Xh 
Influence on Optical Activity of Two 
Unsaturated Groups in Comparison with tlm 
of One Unsatiirated Group at Varying Blstufm 
from the Optically Active Complex, 

By Thomas Percy ITilditch (1851 Exhibition Scholar). 

Part VI. — The Injluence of the Carhoiiyl Group on Opilaul 
Rotatory Power, 

The work of Walden [Zeli&ch. phyukaL Chem,, 1896, 20 , 569), Rup^ 
{Aiinnlen, 1903, 327, 15T), Hartwall (Dus., Helsingfors, 1904), ^jid 
the author (Trans., 1908, 93, 1, 700) has demonstrated that in 
general optically active esters and salts of acids containing an 
ethenoid group adjacent to the carboxyl group possess a greater 
degree of rotatory power than similar derivatives of the correspoiid- 
ing saturated acids. The present communication deals with an 
analogous series of compounds derived from ketonic acids, thus 
containing carbonyl in place of an ethenoid group in the above 
series. 

The compounds chosen for the purposes of this investigation were 
tlie following; 

Mcnthyl esters and brucine salts of glyoxylic, pyruvic, aceto- 
acetic, and loevulic acids. 

Brucine salts of mesoxalic, oxalacetic, and acetonedicarhoxyik 
acids. 

Brucine salts of certain aromatic ketonic acids. 

Tlie nieasuremenls of rotatory power were carried out in (hy 
chloroform .solution and in gejieral at two dilutions, 5 grams per 
100 c.c. and 2‘5 grains per 100 c.c. of solution respectively. The 
length of solution used was 2-dcm,, and the temnerature was jnaiii' 
tained throughout at 20'^. In the succeeding tables of results, there 
is given, in addition to the usual specific and molecular rotatory 
power, the anomaly [D]j^ based on the difference between the 
molecular rotatory power of the compound in question and the 
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ornvil valiie/’ that is, the mean molecular rotatory power of the 
" _ of the higher normal fatty acids with menthol or 

bnu'ine as the case may be (compare Trans., 1909, 95, 1571). 

I Mtnihyl Esters of the Pyruvic Acid Series. 

C : 5. C : 2'5. 

[al,.' [Mh.~[D].;. [57 

M-mhvl i.yruvate “83-40 -188'5 +28-0 -82*00 -]S5‘3 +24‘1 

^1"”' “ (.'itoDce _ — — 68’36- 164*1 2-9] 

iicotoacctate Rafter 15 t 

(hours. — _ 67-04 160*9 -0-3 1 

jjcviilatc 67-62 171-8 11*3 67 -GO 171-7 +10-5 

;^^enthyl pyruvate and Isevulinate showed no appreciable niuta- 

lotation. 

jj — Brucine Salts of the Pyruvic A cid Scries. 

C : 5. C : 2*5. 


f«],. [Ml.. [U].." f«].. [M]„. [D]... 


liraeine gIvoxyLite 

-12-50 

-60-7 

-f 186-7 

-12-62 

-61-3 

+ 190-7 

, pvruvate 

17-68 

85-2 

16-2 -2 

17-88 

86-2 

1G5-8 

,, acetoa'cetaUi 

11-02 

54-7 

192-7 

10*82 

53*7 

198-3 

,, l.evulate 

34-40 

175-5 

71-9 

34 88 

177-9 

74-1 


III, — Dihrucine Salts 

of the 

Mesoxalic 

Acid Series. 


Dibrucine niesoxalate 

-20-46 

-189*1 

+ 152-9 - 

20-70 

-191-9 

+ 1.56 1 

„ oxakcetate ... 

,, ai'etoiiedicarb- 

39-40 

362-4 

CG-2 

38-80 

3.57-0 

73-5 

oxvlate 

45*84 

428-2 

33-3 

45-84 

428-2 

37-9 

IV.- Brucine Salts 

of A 7'o mafic Keto n i c A 

fids. 


linicine benzoatf* 

-25*10 

-131-1 

+ 116-3 - 

25-00 

-129-0 

+ 1-23-0 

,, plienyklvoxvlate 

6-00 

32-6 

214-8 

6-14 

33-4 

21 8 -6 

,, jilieuyl|iynivat<* . 

+ 3-G6 

+ 20-4 

2G7-8 

1 3-3-2 

+ 18-5 

270-5 

,, Ijeazoylacctate... 

-32*20 

- 180-0 

67-4 - 

33 -83 

-188-8 

63-2 

,, boiizyljiyruvate., 
n J0- benzoyl pro- 

9*59* 

54-9* 

19-2-5 

9-Gr 

55 - 5 * 

196-5 

pioiiiite 

32-18 

184-1 

C3-3 

31 -S8 

182-4 

C9-6 

,, ben 203 -]i)yriivato 

+ 10-26 

+ G0-1 

307-5 + 11-28 

! 66-1 

318-1 

* 

C : 4-32 

and 2-16 

respectively. 





It will be seen that this system — carbonyl-carboxyl —follows in 
ds main outlines the same rule as the other conjugated structures 
examined, the anomalies, prominent in those members containing 
tlie unsaturated residues adjacent to eacli other, rapidly declining 
as the latter are separated. One or two points, however, require 
special remark: 
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(a) One cannot always be ceriain that tlie carbonyl group j; 
always present as such, since there frequently exists the possibility 
of an enolic structure in this part of the molecule. 

(h) The carbonyl groups in glyoxylic and niesoxalic acids are 
mcKlificd by the addition of a molecule of water, thus lessening 
total amount of residual affinity and to a certain extern 
invalidating the comparison. Consequently, if it be granted from 
the other examples that the carbonyl-carboxyl grouping enliance^ 
optical activity, the true anomalies in these two cases would be 
somewhat higher. 

The series of aromatic kctonic acid salts is especially instructive, 
for in addition to confirming the general results arrived at from 
the aliphatic keto-acids, it further demonstrates that: 

(a) The carbonyl group alone, when adjacent to the carbosvl 
group, creates a.n effect almost as pronounced as that of the benzovi 
radicle (phenylpyruvic, beiizylpyruvic acids). 

(b) The benzoyl system, when separated by methylene groups 
from the asymmetric part of the molecule, ceases to a great extent 
to influence the activity (benzoylacetic and jS-benzoylpropiccie 
acids). 

(c) The benzoyl system, accompanied in the same molecule by a 
conjugate carbonyl-carboxyl group, produces the maximum effect. 

It therefore appears that the carbonyl group, like various other 
unsatiirated groups, causes anomalies in molecular rotatory power; 
quantitatively speaking, the polar imetric effect of the carbonv' 
group is probably somewhat less than that of an etheuoid residue 
under similar conditions. On the other hand, adjacent carboini 
and carboxyl groups together exert an influence on optical activity 
comparable to that displayed by a benzoyl radicle — a system, 
possessed of considerable residual aflinity. 

Finally, either by separating the adjacent unsaturated groups or 
by removing the conjugated system en bloc away from the optically 
active complex, the anomaly in opllcal rotatory power may be much 
diminished or even caused to disappear. 


Part Vil. — The Relative Influences of Aromatic a7id ///yu'-’O- 
aromatic Nuclei on Optical Rotatory Power. 

Although no fresh physical evidence as to the absolute structural 
condition of the benzene ring ” is yet available from the rotatory 
power of ojhically active aromatic compounds, one may conclude 
from the values given by Rupe and his students {joc. cit) for 
certain menthyl esters of hydroaromatic acids that the successive 
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production of ethylene bonds, culminating finally in an aromatic 
nucleus, progressively increases optical activity : 


[M].. [D],. 

c'.ye^ohexanycar!)oxylate -157 “2 -3-3 

A^-m'/ylioxcriecarboxylatc 197'0 +36 '5 

’’ bfiuzoatc 217 '2 567 

\ A^-ac-tetrahydro-a-naplithoate ... - 215'6 +55‘1 

’’ a-naphthoate 245 '3 84 '8 


There is, however, nothing to show whether ilie maximum 
inlUieiice of the phenyl group is due to tliree conjugated ethylenic 
bonds or to the residual affinity of the radicle as a whole, and 
accorditigly for the purpose of the present paper the benzenoid 
i\-;i(lue is regarded as a .single unsaturated group. 

Some experiments, which incidentally illustrate the conditions 
under which ring-formation affects optical activity, have been 
cjLiiied out by the author to determine the nature of the influence 
of I ho aromatic residue from the rotatory powers of salts of various 
rot responding aromatic and hydroaromatic bases with some optically 
active acids. 

The solutions designed for measurement in the polariscope were 
made up from the accurately weighed requisite amounts of the base 
and acid concerned, and the salts formed were subsequently 
recovered for analysis, etc. 

The acids chosen were cZ-c amphoric, cZ-camphor-7r-sulphonic, and 
^/-tartaric; the use of chloroform as a solvent, which is particularly 
desiraljle in the case of salts owing to its uon-hydroxylic nature, was 
precluded in the salts of camphoric and tartaric acids by reason of 
insolubility. Consequently it w'as necessary to use alcohol for the 
camphorates, and water for the tartrates. The presence of an 
ionising solvent introduces a conflicting influence — the constant 
"molecular” rotation of ions (Oudemans-Landolt law) ; iicveitholess, 
probably in consequence of incomplete dissociation, differences were 
found of the same qualitative nature a,s tliQ.se manifested in the 
case of the camphor-Tr-sulphonates. 

In order to obtain a basis for the approximate numerical 
estimation of anomalies, it was desirable to ascertain the molecular 
rotatory power of salts of these acids with the normal aliphatic 
amines. 

tiince the volatility of the lowest members of the fatty amines 
rendered them difficult to manipulate in these experiments, whilst 
the higher members are difficult to obtain, the molecular rotatory 
power of the /j-butylamine salts of the acids employed was accepted 
as an approximate series constant (Tschugaeff, Ber., 1898, 31 , 360, 

VOL. XCIX. 
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1775 ; Hilditcl], Tiaiis.,. 1909, 95 , 1571), and the following va!\ip 
were thus obtained : 


Camphoric acUl 

Solvent. 

Akolml 

0 : 5 per cent. 

+ 48-02 +06-0 

"[a].. 

+ 47-72 

■i" eetit. 

T&’rj 

Di-ii-Uitylaminc o.amphorate... 


+ 10-96 

+ 37-9 

+ 11-16 

+ 35-r] 

(’arii|>hor-ir-sulphoiiic acid 

Clilorolbriii 

+ 24-82 

+ 57-6 

+ 24-04 


v( ljiii\laniiiie cainphor-ir-siil- 
pltoiiate 


+ 20-36 

+ 62-1 

+ 20-44 

-r62l 

Tartaric acid 

Water 

+ 14-02 

+ 21-0 

+ 14-44 

+ 21 7 

])i-/!-biUvlaniiiie tartrate 


+ 17-86 

+ 52-9 

•!' 17-40 



The following tables sliow the polarimelric results derived from 
the various salts studied : 


I. — X(^}i{ral Cam '[ill orates hi AJcohol. 



C : 

fj pur c-unt. 

C : 

2-5 per cent, 

Ease. 

[aj.. 

[Ml,. 


'[«].. 

[Mj~ [il; 

Aniline 

+ 32-.O0 

+ 123-4 

+ 87 -.3 

+ 31 -84 

+ 122-9 +S4’3 

Py^riiiine 

-J.rOO 

9-2-7 

54 -8 

27-12 

97-1 

Tipeikliuc 

14-24 

52-7 

14-8 

14-36 

33-1 14'^ 

Quinoline 

+ ]9-l(; 

+ 87 -7 

+ 49-8 

+ 1H-76 

+ 83 -9 

Tetrahvdroqiunoliiic 

17 '36 

81-8 

14-9 

17-28 

80-5 41 

a Xa](htliylaniine 

ar - Tetrahydro - a • iiajihtlivl- 

+ 18-12 

+ s,s-i 

+ 50-2 

+ 18-00 

^ S7-3 

UTiiine 

16-92 

83-6 

43-7 

16-76 

82-8 442 

^-Naplithvlamim' 

iic - Tctraliydro ■ p - naphthvl- 

+ 1.S-61 

-i- 90 -6 

+ K-7 

+ 18-72 

-iOl-O +32-4 

amine 

11-38 

71-0 

33-1 

14-32 

70-7 32-1 

II.- (kimphor-'n-saJ phonates 

in Chloroform. 


C : 

: 3 per cent. 

C : 

2-5 ]iei' cent, 

base. 

1“].- 


[idr.- 

[4.- 

[M]., [I)h 

Aniline 

+ 23-28 

+ 73-7 

+ 1 3 'b 

+ 23-32 

+ 75 -S 

^’yriJine 

31-42 

97-7 

33'6 

31-7-2 

9S-7 3ti--i 

Piperidine 

2'2-94 

72-7 

10-6 

21*40 

67’S 5-; 

Quinoline 

+ 27-90 

+ 100-7 

+ 38-0 

+ 26 96 

+ 97-3 t3[,J 

Tiitrahviiroi^uiiioline 

23-98 

94-8 

32-7 

25-36 

92'0 30-3 

o-Naphthvlamine 

ar - Tetrahydro - a - naphthyl- 

+ 21-3S 

-J 80-2 

■1 18-1 

+ 20-92 

+ 78-4 ilii'l 

amine 

19-92 

7 3 '3 

13-4 

19-80 

73-0 ym 

;3-Na|)hlliv]amiiie 

«c • Tetrahydro - ^ - naphthvl- 

+ 21-34 

+ 80-8 

-f 18-7 

+ 20 80 

i78-0 -^3-7 

amine 

17-36 

03*8 

3-7 

17-36 

65 -S 3-;' 
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III , — Neutral Tartrates in Water. 



C ; 

: 5 per cent. 

C : 

2*5 per cent. 

Base. 

[«]. 

[M].. 

[D],; 

W. 

[MJ,.. 

[D].' 


+16‘58 

+ 55*7 

+ 2-8 

+ 16*12 

+ 64*2 

+ 2 '7 

Aiiihiie 

1930 

59*r> 

6 '6 

18*72 

57 7 

6*2 

I’vi'i 

17T2 

64-8 

1*9 

16'80 

53-8 

. 2*3 

PiprridilK 

.... +13*22 

+ 54*0 

+ 1*2 

+ 12*80 

+ 52-2 

+ 0*7 

Qiiiui'lim’ 

Te t rally il ro 1 pi in on m? 

13*42 

55*S 

2*9 

12*80 

53*3 

1*8 


The anomalies in the diquinoline tartrate group are not outside 
tlie limits of experimental error, and it was impossible to employ the 
uaplithylainine tartrates on account of their sparing solubility. 

vViialysing these results (which, it must be conceded, arc, for 
optical activity, remarkably consistent), we have: 

Aiiomuly shown in 

ita.se. Constitution. rotatory iiower. 

(.r'j Vuiliuo. Tjoiizeiioid coiiju^fated with aminc- 

/itroup. Wtdl r] ( fined, 

pyiidiiie. Renzenoid oroup. Well detined. 

ripcruline. Alicyclic group. Relatively small. 

(q Quinoline. Two conjugated aromatic nuclei. Well defined. 

'IVti'ahydroquinoliiie. Aromatic system -f alicyelic amine, Almost as pro- 

the former being also adjacent nounced as that 
to the se(‘ondary amino-gronp, due to (]uinoliue. 

{■■) a-Naplithylamine. Amino-group adjacent to two 

conjugated aromatic nuclei. Well defineil. 

flc-Tetraliydro-a- Alicycdic-h beuzeiioid systems, the Slightly less lhair 

iiiiplithylaiidne. latter still la^ntiguous to ihc wirh a-uajplithyl- 

amiuo-group, amine. 

f'!) jS Xaiilidydamiuc, Similar t(j a-iii[;.lith} laniiiic. Much the same a.s 

a naphthvlainiue, 

(e‘-Tetrahydro-;8- Alicyelic-r benzenoid .systems, th<‘ Relatively simill. 

na|ihtliylaiuitjc. latter .separated by tlic loi'mer 

from the aniino-groui). 

The wliole series therefore sliows very clearly the enhancing effect 
of an aromatic group as contrasted with the very small effect of a 
hvdi'oaromatic nucleus. The only other instance of reduced 
naphtliylamine derivatives (wliich are obviously exceptionally suited 
lor this comparison) is exactly parallel (Frankland atid Ornierod, 


Trans., 19(J3, 83 , 1342) ; 

Tartarodi'/S-naphthylaiiiide -rll(53 

Tartm'odi-(0’-tetrahydro-/3-imrihthyiiijuide S40 

Tartaroili-fw-tclrahydro-jg-naplithjdamide 240 


Tlie.se results show that a heuzenoid group, wlien united to 
another unsatiirated group, enhances optical activity, and tliat the 
preponderating factor is its uusaturated nature, its ring-structure 
a\iug \ery little to do with its influence on rotatory power. 

R 2 
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It is fre([uciitly stated that ring-formation usually profonn^]^. 
alters the rotation of a substance, but a brief examination of tli'e 
literature will reveal that, while this is very true when the asYin- 
metric atoms themselves take part in the formation of the linf, 
system, in all other cases corresponding open- and closed-cluh 
compounds show only small and indefinite changes. 

Ef-wav of example, and in addition to the results above, we inav 


quote, those of Rupe Joe. cit.): 

[Mb. 

[Mb.. 


ML-tilhvl fi/WditrojianccarboxvlYte 


- 1 (34 -7 

Menthyl /(.biU.yratf. 

,, ' cw/f/liutanccarboxylatP 

1(54-4 

166 -7 

,, R-valeriiR, 

,, (■(/(•/fiiientiiiiiA-arboxylatr. 

171'3 

164 7 

, 1 W-hf’Xuali;, 

,, (.v/r/'difxanecai'bnxvhitc 

167-2 

166-9 



Part Vlll. — The. Influence on Optical Activity of Two (Jon- 
tiyuous Unsaturaied Groups in C omparison with tkdi 
of One Ujisaturated Group at Varying Distances from 
ike Optically Active (Complex. 

Attention was drawn hy Tschugaeff (Joe. eit.) to the rotatory power 
of tlic first three nicnibers of menthyl esters of the liomoloiRra: 
phenyl aliphatic acids and to tliose of the corresponding amvl esters 
(Guye and Chavanne, Bull. Soc. rhim., 1896, [iii], 15 , 177), pointiii!: 
out that tlie value in both, abnormally large in the benzoates, 
decreased to almost tlie average value of esters of a normal aliphatic 
acid when the third inemher was reached ; 


Amy], Menthyl. 


I'btiT. 

[Mb. 



[tfi. 

Mi-aii value nf fiuiy acid esti-r 

1 >t‘iiz lat ,• 

+4-33 

-i- 

+ .6'19 

-167-8 

-236-3 

78’ii 

I’lii'iivlaivtate 

7-91 

3-68 

190-7 

3-2 

/9-riifiivlpruin^iiiate 

4 -7 3 

0-40 

161-9 

4d 


The- liniciue and eitiehonine sails of the same acids, more recently 
examined hy the author (Trans,, 1908, 93 , 1 388), show the same 
gradation in optical anomaly. 

TsohugaelT concluded that the power of an imsaturated group to 
afiect o])tical activity rapidly declined as it was separated from 
the asymmetric system, and Guye (Proc,, 1901, 17 , 48) adopted 
these exam])les as particular cases of his more general concliisiwi 
that snt)stilution at a point sufficiently removed from the asym- 
metric atom creates little optical effect. 

Rupc Joe. eit.) elaborated the question hy his work on isomcne 
pentenoic and hexenoic menthyl esters, and suggested that the size 
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' the anomaly produced by unsaturation is determined mainly by 
Uic proximity of the unsaturated group to the asymmetric system : 


[MJ,. 

Menthyl A'^/^-pentenoate -177‘1 

,, A/^Y-peiitcnoate 172 ‘.O 

I, Av^-peiitenoritft 160'2 

’’ Aa/5-heXf'noate - 172'4 

A^^V'hexeiJoate 

, AyS-hoxenoatid luo'S 

’’ :i5f-he\'cnoatti I51'4 


The author has in previous papers (Trans., 1909, 95 , 33G, 1570, 
Ptc ) attributed many cases of abnormal rotatory power to the 
presence of adjacent or '' conjugated unsaturated systems in the 
laolccules in question, and it appears well to discuss in detail those 
cases which arc at hrst sight equally well covered either by the 
latter or by the Tschugaeff-Rupe explanation. For it must bo 
observed that in the examples fro7n which these authors' deductions 
arc made, a carboxyl residue always intervenes between the phenyl 
and asymmetric radicles, and thus, simultaneously with increasing 
distance of the phenyl group from the asymmetric system, tbo 
contiguity of the unsaturated phenyl and carboxyl residues is 
automatically destroyed. 

It is interesting in this connexion to notice that in the case of 
some neutral aniline and benzylamine salts of optically active acids, 
in which the benzenoid and carboxyl residues arc separated by a 
(saturated) quinquevalent nitrogen atom, the decrease in optical 
activity is not always so marked as in the former inslaiu'cs of simple 
aromatic esters and salts. These examples, wdiicli were observed 
under the same conditions as the similar salts described on a 
preceding page, arc collected in the next table. 

rL't'cenla^i! Aui'iine salt. .Ik’nzylaitiine salt. 


Ac ill. 

Solvent. tiui!. 

[a!n. 


la Ik 

[Mill. 

{I>]k 

Catiqilicric 

Alooliol .o'O 

-f 22'fiO 

-rl2n'4 -87 '5 

-rU)-92 

-r70-0 

-^32•l 

„ 2-5 


122-9 84-3 

17 16 

71-0 

32-4 

l';imphor-7r- 

suipiioiiic 

Chloroform fvO 

+ 23'28 

-7r.-7 ^13-6 

-r22’00 

+ 74-6 

+ 12-5 

(-'amphor-TT. 

sulphonic 

„ 2 5 

23-32 

75-8 13-5 

21-36 

72 4 

10-1 

Tartaric 

^Yater r>'0 

+ 1 b '!jS 

-f5,v7 x2-S 

+ 1S-2S 

+ 66 '5 

! 13*7 

,, 

,, 

lG-12 

54-2 2-7 

17-40 

63 3 

ll'S 


If, on the other hand, compounds are selected in which it is 
possible, while maintaining the same relative positions of nn- 
saturated groups to asymmetric system, to alter the amount of 
re.sidual athnity (and therefore of any effect due to conjugation) by 
changing the character of one of the unsaturated radicles, the 
results obtained are very different. In some cases, for example. 
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one can compare corresponding benzyl and benzoyl derivatives of 
an active substance, when, whilst the phenyl group is left at tin, 
same distance from the active complex, there is in one case a singly 
phenyl group and in the other a conjugated (phenyl + carbonyl) 
system. 

We may thus compare some ethers of menthol described hv 
TschugaelT (7. Russ. Rhys. Cheni. Soc., 1902, 34 , 606) with the 
esters to which reference has already been made; 


537 

79-0 


Diffrreuce, 

Montlu’l ethyl etlier, — 179 0) 

Jlenthyl benzyl ether, Cf-lTs'CH/O'CioHig - 2327 / 

Menthyl neetate, CIls*CO'0'Ci(iHi<> -157'31 

Menthyl benzoate, CfiH^'CO'O'CigHjg - 236*3 j 

A similar comparison of the corresponding amyl ethers and esters 
(Guyc and Chavanne, Joe. cU.) leads to the same result: 

Difference. 


/-Amyl ethyl ether, +0'7\ 

/-Arnvl benzyl ether, C^^Hs'CHi'O'CsH^j +3'2J 

7-, Amyl acetate, CH^’CO'O'ttijHn +3'3t 

/-Amyl benzoate, CgHs'GO'O'CjHn 


2-5 


Both these cases involve change of residual affinity without am* 
relative change of molecular position, and all show differences in 
rotatory power quite as marked as in the first-mentioned seric?, 
which involve progressive removal of an unsaturated radicle. More- 
over, the examples of menthyl and amyl ethers display unmistakablv 
the peculiar anomaly produced by conjugation, apart from any 
q lies! ion of relative position in space. 

It has been remarked (Trans., 1908, 93 , 1618) that the sulplionic 
group SO.> behaves a^s a relatively saturated group with reference 
i-o optical activity; use has been made of this fact to produce anofjier 
series of comparisons bearing upon tlie present subject, in whicli. 
again without altering relative molecular positions, a conjugated 
system XY has been changed by replacing one member of the 
system (Y!CO) by another of less residual affinity (YISOo). rather 
than bv an almost completely saturated group (YICH.,), as in the 
last examples. As the details given below demonstrate, in all cas-e? 
the effect on optical activity is greatest in presence of the most 
iinsaturated conjugated system, and when more than two systems 
are compared, the optical anomaly falls off in the same order as the 
residual affinities of the systems concerned. 

The compounds studied in this way include, on the one hand, 
corresponding arylcarboxylic and arylsulphonic esters of menthol, 
and, on the other, the acetyl, benzoyl, and benzenesulphonyl 
derivatives of cinchonine <and of cinchonidine. 

The polarimetric measifrcmeuts were carried out in chloroform 
solutions in a 2-dcm. tube maintained at a temperature of 13— 
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Observations were made in the ca^e of the menthyl esters with 
sohiiioiis containing 5 and 2'5 grams per 100 c.c. of solution respec- 
and with solutions of 2 per cent, concentration of the 
slkfiloidal derivatives. The results are summarised in the following 
table?; 

I . — Menthyl Eder^, 




C : 5. 



C : 2-5. 


Ester. 

'[ah>. 

[Mh,. 

1D]„. 

ld.>- 

mu. 

11^]." 


-85-60 

-222-6 

+ 62-1 

-86-04 

- •223-8 

+ 62-6 

i;.iiz''D<'.'iilplionatc 

72-68 

215-1 

54-6 

73-20 

216-7 

55 -5 


-9.5 '22 

- 260-9 

!l00-5 

-95-36 

- 261 -3 

+ 100-1 

y,.'i\>luoiicsnlphointe 

60-76 

206-9 

46-4 

66-80 

‘207-1 

45-9 

jfi-Xaphtlioate 

-90-60 

-280-9 

+ 1-20-4 

- 91 -1 2 

-2S2-5 

+ 121 -3 

gaplitlialene-jS-sulphonate. 

56 50 

195-4 

3-1 -9 

57-1-2 

197-6 

36-4 

II.- 

—Cincht 

)mne Derivnf.h' 

es. 




0 ; 2, 


Svibstitneiit. 

[a]n. 

[MJ„. 

Di He re lice, 

Acetyl 

. H 108'50 

+ 364-6 

— 

Benzenesalphoiiyl 

;-62'15 

[■269-7 

-91-9 

Benzoyl 

-27-80 

'110-6 

-475-2 

III. — Ci?icho 

Deri 

rati res. 


Acetyl 

+ 12-90 

+ 43-3 

— 

Benzenesulphonvl 

+ 11-43 

+ 19 -6 

+ 6-3 

Ib nzovl 

+ 98-65 

i 392-6 

-1 349-3 


The conclusion is therefore readied that, in compounds where 
the influence of two or more given radicles on optical activity may 
he due either to their proximity to the asymmetric nucleus or to 
cnnjiigated unsaturation, both causes contribute to the effect^ but 
conjugation is evidently the predominating factor. 

The series of brucine salts of aromatic ketonic acids given on a 
preceding page forms an excellent example of the combined effects 
of conjugation and of varying degrees of proximity of the uii- 
saturaled systems to the optically active group. Thus, when the 
acid group COoH remains attached to a carbonyl group, the 
anomaly is uniformly high, and is but slightly altered by successive 
removal of the phenyl group to more remote parts of the molecule, 
whilst the maximum exaltation occurs w’hen there arc two sets of 
conjugated systems in the molecule, although one of these is 
relatively distant from the a,symmetric complex: 


Bnicme salt of : [M],,. [D],.. 

ITriiylglvoxylic ucll, (dU - -214 S 

Pk-iiyluynivic ,, '(Vro.,!! f20-4 

bcnzylpyruvic „ C^H 5 ’('H.>t']l.,M’OU.'O..H ~54'9 192-5 

benzoylpyriivic ,, ('-Hgi:0'CH„’C0’CO.,H rtlO'l 307-5 
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On the other hand, Rupe's explanation is plainly supported bv 
those salts wherein the conjugated system C^Htj'CO is itself 
gressively separated from the optically active part of the molecule 
For instance, brucine j8-phenyl propionate has an anomaly of 39 ', 
whilst that of the jS-benzoylpropionate is 63-3 : 


Bmcino salt of : 

Ph«inylfflvox 3 ’lic acid, Cfjlh’CO’CO^H 

ttenzoylacetic ,, CtjHg'CO'CHo'COgll 
;9-Dt)Moylpropionic acid, CgHj'CO'ClL’CH^’COaH , 


[M].. [!)],. 

-32-6 •1-21 4 -s 
180-0 67'4 

18fl 63-3 


Experimental. 

'pj/ruvate, acrtoacetafe, and laevidate have already been 
described by Colicn and Wliitelcy (Trans., 1901, 79 , 1309), Up- 
worth and Harm (Trans., 1902, 81 , 1479), and McKenzie 
1905, 87 , 1380), but in order that all three might be exa.niined 
under identical polarimetric conditions their preparation was 
repeated, lire authors specimens possessed physical properties 
a'o'eeing with tliose described by the above authors, and fuxnislied 
satisfactory analytical numbers. 

The brucine salts, except in a few stated cases, were direct!'; 
made up from the equivalent amounts, accurately w^eighed, of tlie 
pure alkaloid and acid, dissolved in the corresponding quantuy 
of chloroform, and then measured in the polariscope, after wliirli 
they were recovered, crystallised, and analysed. 

Brucine fih/o.njlale, was prepared by- 

mixing roughly equivalent quantities of the acid (prepared a; 
described by Perkin and Duppa, Trans., 1868, 21 , 197) and base 
in alcohol, precipitating by ether, and finally crystallising from a 
mixture of ether and alcohol. It formed a cream^ micro-crystalline 
powder, wdiich frothed at IGO'^, and decomposed at about 200^: 

0'1049 gave ()’2083 CO. and 0-0654 H.O. C-54-14; H = 6'93. 

C.,5H;jqO,^N,7,4HoO requires C = 53-76; H = 6-81 per cent. 

Brucint Byruvafe, — Soft, cream- 

coloured crystals, readily soluble in water, melting at 85°, and 
evolving H.O at 105—110°: 

0’1417 gave 0'o028 CO. and 0 0S95 H2O. C = 58'28; H — 7-01. 

C.2(;H3,jO-K 2’^1^2*^ requires C = 58'21; H = 7‘09 per cent. 

Brucine acetoucefate, C4H^)03,C.j3H2j504N.2,4H20, was prepared 
from the sodium salt, of the acid and brucine hydrochloride, m 
absolute alcohol, subsequently crystallising from a mixture of ether 
and alcohol. It appeared as a white, soft, crystalline powder, partly 
melting at 147 — 150°: 

0-1880 gave (1-3950 CO. and 0 1178 H.O. C = 57-30 ; H = 6-96. 

C27H3207N2,4Il20 requires C = 57'04; H = 7-04 per cent. 
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LafAndaU, C5Hij03,C23H2|j04N2, 41120. — Very small, hard, 
•bite crystals, which melt sharply at 58°, froth up violently at 

114°, and again leave a clear liquid; 

0 1344 gaveO'2854 CO2 and 0-0737 H.^O. C~57-91 ; H=7'32. 

C.,gIl3i07N‘3,4H20 requires C - 57-73 j n = 7‘22 per cent. 

J)lhruciM Mesoxalafe^ C3H4O0,(C2;^H2(;O4N'2)2. — A white, crys- 
talline powder, showing no change in appearance below 250° ; 

0-1020 gave 0'2386 CO, and 0-0583 HoO. 0 = 63-80 ; 11 = G-36. 

C49H360i4N4 requires C = 63'63; H = 6-06 per cent. 

Jhhrucin& Oxalacetatc^ C4H405,(C23H2(j04N2)2,2H20. — Soft, white 
nodules from ethyl acetate, melting with much frothing at 
163 ^ 166 °: 

0-1596 gave 0-3687 CO, and 0 0988 H^O. C = 62-98; H =6-88. 

CjoH5gOi3N4,2H20 requires 0 = 62-76; H = 6-28 per cent. 

dihnicinc acetonedicarhoxylate, (0,3112004^2)2,1120, 

Ecparales from benzene in large, transparent, cubical crystals, mclC 
iug at 179 — 180° : 

01551 gave 0‘3655 CO, and 0'09()5 71,0. 0 = 64*27 ; H-'6'48. 

C:i4H58043N4,H.20 requires 0 = 64*29; N = 6-30 per cent. 

The necessary aromatic ketonic acids were obtained by methods 
devised by Claisen {Ber., 1887, 20 , 655, 2196; 1888, 21 , 1131), 
brlenmeyer {Aniialen, 1892, 271 , 163), Perkin (Trans.. 1884, 45 , 
178), and Fittig {Ber.^ 1896, 29 , 2582), and the purity of each was 
controlled by det-ermination of the melting point. 

Brucine Phenyhjlyoxylate, CjjH0O3.C23H2(.,O4X.2,TT2O. — Colourless, 
stable crystals, by ethereal precipitation of the alcoholic .solution; 
the salt decomposes, but does not melt at 230° : 

0-1112 gave 0-2697 COo and 0-0636 II.O. 0 = 66*15; H-6-36. 

^31-^3^07X2,0^20 requires 0 = 66*19; H = 6-05 per cent. 

Bniclne Phenylpjrurate, C97I,03.02Ldhjt.04X2,2lTlL0. — A cream- 
coloured salt, melting and decomposing at 182 — 183°: 

01190 gave 0*2774 COo aud 0 0685 ILO. 0 = 63-57 ; 0 = 6*40. 

030113407X2,2^020 requires 0-- 63*68; 0 = 6*46 per cent. 


Brucine Bcnzylacdate, Ccjr^Oo.O.j.IT.^t^OjX.^SlHoO. — Colourless, 
.slfiider needles, readily soluble in water, melting and decomposing 
at 196°: 

0-1216 gave 0-2600 COo and 0-0776 HoO. C = 58'30 ; 0 = 7-09. 

^32H3407N.2,5JH20 requires 0 = 58-43; 0 = 6*85 per cent. 

Brucine Bcnzylpjruvate, 04004,03.0030.2604X0,5020.— A colour- 
less, crystalline powder, melting at 100—103°; 


0 1093 gave 0-2405 COo and 0*0670 H.>0. 


0 = 60-01; 0 = 6*81. 
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Brucine ^-Benzoylfroimnat e ^ CiyHjQ03,Co3H2604N2,3H20. 
cream-cDloured, deliquescent, micro-crystalline powder, evolvic.. 
water, and fusing at 101 — 103°; 

0'1071 gavcO'2472 COo and 0'0660 H2O. C = r)2'94; H-6 85, 

C^^H3fi07No,3H20 requires C = 63-35; H = 6'71 per cent. 

Brucine Benzoylinjnivaie, C|()Hy04,C.23H.2(i0|N2,2^H20. Hard, 
colourless tablets, losing water at 100°, melting and decomposing aj 
174°: 

0'112r>gave 0-2587 COo and 0-0678 ILO. C = 62’66; H=-G’69. 

C33H340sN2,2pl20 requires C = 62-76; H = 6-18 per cent. 

Some of the amine salts employed in this work could not be 
obtained crystalline, or, at all events, sufficiently non-deliquescent 
for characterisation. Others, however, were definitely crystalline, 
and can be reported upon : 

Bin-hntylamine Cam/phorate, CioHi(504(C4H9NH2)2- — Delicate, 
white needles, melting at 150 — 152°: 

0-1130 gave 0-2608 CO. and Q-llll H^O. C = 6317 ; H -10 9h 
€1^113^04^2 requires 0 = 62-04; 11 = 10-08 per cent. 

t\-Bu tyla m ine Cam pho r-ir-s idyhoyia t c , 

Ci(,H„0*S03H,C4H9NH2,1H.20. 

— Wax-like, shining crystals, melting at 125°: 

0-1204 gave 0-2342 CO. and 0 1000 H.O. C = 53-06 ; H = 9-25. 

C,4lI.;04NS,lH.0 requires C~53-31; H = 9'22 per cent. 

Di-n-hutyl amine Tartraie, C4H|iOji(C4H9NHo)2. — Creain, de- 

liquescent prisms, melting at 70— -75° . 

DianUiui CampJioraie^ (C,;H7 N)..C,(,Hiq 04,HH20. — White, amor- 
plums powder, softening at 255— 260° : 

0-1436 gave 0-3534 CX). and 0-0006 H.O. C = 67-ll; H-711. 

C...H3(,0 .iN.,JH .0 requires 0 = 66 83; 11 = 7*85 per cent. 

Diyninoline Camphoraie, (CnH^Ni.i.CuiHieO^, 211.0. ■ — Deliquescent, 
crystalline mass, melting at 75 — 80°: 

0’1226 gave 0’3046 CO. and 0-0766 H.O. C = 67-76; H — 6‘94. 

C.5H2:704K.,2H.0 requires C = 68'01; H = 6-88 per cent. 

])i-a-naphfhylamine Gainphoi'atey (CipInN)., CioDi 604,21H20. 
Small needles, turning reddish-purple in the air, and melting at 
183°: 

0-1180 gave 0-2938 CO. and 0'0827 II.O. C = 67'90; H = 7-79. 

C3i,H3404N2,2pi.O requires C = 67*79; H = 7*35 per cent. 

a-]\ aphthylamine C(nnphfn'-'n-?^iihphonate^ CidHuNjCidHiPiS.— 
Small, colourless flakes, turning blue-violet in the air, and meltin;: 
at 194—196°: 
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0'n54 gave 0*2727 COg and 0*0658 H.O. C = 64*45; H = 6*34. 

C.. Ho-i04NS requires C = 64 00 ; H-6'37 per cent, 

[' 'fit roll ydro-a-w^yhikylaminr Cttt)i'i>hor-ir-snl'phon{dc, 

Glistening, colourless crystals, turning dark blue in the air, and 
melting somewhat indefinitely at 128—132®; 

0 1053 gave 0*2016 CO. and 0*0854 H.O, C ^52*22; H=8*49. 

C.,,H.i(,04NS, 4414.0 requires C~ 52*17 ; 11 — 8*26 per cent. 
^-yophhtj'iomvne Camphor ir ml fhonate, C^oUgNjCioHjcO^S.—A 
"icain-colourcd, micrO'Crystalline powder, melting indefinitely at 
llS-^121®; 

0 1304 gave 0*2620 CO. and 0*0707 H.O, C = 54*80 ; H -6*03. 

C.>/|II'»')0,}NS,3in.0 requires C = 54*80; H — 5*84 per cent. 
]}Htn}Une Tarfrate, (CgH;N)2,C4Hg0(i. — A soft, crystalline powder, 
f uming pink in the air, but colourless again on heating ; melts and 
decomposes at 184—185®: 

O'llllS gave 0*2028 CO^ and 0*0660 H.O. C — 49*05; H — 6*50. 

0 0C31 lost 0*0086 at 100®. HoO- 13*63. 

CjgHoQOeN.jSH.O requires C=-49*22; H — 6*67; 

11.0 — 13*85 per cent. 

l)i pyridine Tartrate, (C5H5N)2,C4Hg06. — Crisp, colourless flakes, 
melting at 158®; 

0*1152 gave 0*2112 CO. and 0*0582 II.O. 0 = 49*99; IT — 5*39, 
C,4H|,.0,;N2,1HI.0 requires C = 50*16; H=-r)*67 per cent. 
lyHjuiiiotlne Tarirafe, (CtilLNlo.C^IInOiv -- A brick coloured, crys- 
talline powder, melting at 131®: 

0*1093 gave 0*2142 CO. and 0*0551 H.O. C -53‘44 ; 11 = 5*60, 
CmlL.oO^jNo.oH.O requires 52*99; 11 = 6*03 per cent. 

! )if ft ralujd roqoi mdln e Tartrate, (C^H Crisp, creain- 
cnloured flakes, turning green in air. and melting and decomposing 
at US- -120®. 

I)di< nzylaniiiic etnuphorafe, (C7TT-*Xn.),..Cj(,Hj,;04.1H20, forms 
crisp, colourless crystals, melting at 188- 189®: 

0 1162 gave 0*2907 CO., and 0*0983 II.O. C- 68*21 ; 11-8*05. 

Co 4H3404N2,4H20 requires C — 68 10; H — 8*25 per cent. 
Benzylamine eampJiGr-Tr-sulpJionate crystallised in slightly pink 
scales, darkening, without melting, at 230®. 

Bihenzylamine tartrate, (C7H7*NH.).,CiH,jOi-, consists of small, 
colourless needles, melting at 112®: 
n lUH)gaveO*22G3 CO. and 0*0678 IT.O. C- 56*10; H-6*85. 
CiglU40(jN2 requires C = 56*54; 11 = 6*81 per cent. 
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Mentkyl of CorreRfondmij A ra malic Carhoxylic 

Suipliojiic Acids, 

The carboxylic esters have already been described by Tschugapp 
{loc. cit.)‘ the samples of these compounds prepared by the autlio^ 
possessed melting points in agreement with Tschugaeff’s data. 

The sulplioTiit; esters were prepared from the respective acd 
chlorides and menthol in the cold in the presence of pyridine, 
recommended by Patterson and Frew (Trans., 1906, 80 . 332), 
have described the benzene- and jS-naphthalene-sulphonates oi 
menfhol. Tliese esters are excellently adapted for pokrimetrio 
work, since they crystallise especially well, and are thus very easilv 
and certainly puriiicd. 

Mentliyl \}-TohiUnl [ihonate, C 7 n 7 ’S 03 *CmH^ 9 . — Long, hard, stoiu. 
colourless needles, sparingly soluble in cold alcohol, and meltiii» 
at 97° : 

0-1418 gave 0-3424 COo and 0-1105 ILO. 65-80; 11 = 8-66. 

0-1292 „ 0-0950 Ba.SO,. S = 10‘09' 

C| 7 lT.,(j 03 S requires C — Go'SO; H = 8-39; 10-32 per cent 

Acyl Derivatives of Cinchonine and Cinnhonidinc. 

The uceiyl compounds, CIT 3 *CO*Cj 9 H 2 iON 2 , were prepared k 
heating the alkaloids on the water-bath with excess of acetic 
anliydride for two hours. After cooling, the reaction mixture \vas 
poured into water and rendered alkaline with dilute sodiim 
hydroxide. The products were then isolated by extraction vitli 
ether, and purified from unchanged base by solution in a larje 
amount of boiling light petroleum, which was finally removed under 
diminished pressure at the ordinary temperature, leaving the com- 
pounds in the form of cream-coloured, amorphous powders: 

Acetylciiichonine melted at 51 — 53°: 

0-1138 gave 0-3118 CO., and 0-0716 HoO. C = 74-73; 11 = 6-99. 

requires C = 75-01; 11 — 7-14 per cent. 

Acetylcinchonidine melted at 47 — 49°: 

0-1602 gave 0-4400 CO, and 0-0992 IkO. C = 74-88; II-6-90 

The benzoyl derivatives, Ct^IIr/CO’Ci^HojON,. resulted v-lien 
3 parts of the alkaloid and 5 parts of benzoyl chloride were boiled 
together in benzene solution for two hours. The product appeared 
as an oily hydrochloride, from which the benzene was removed by 
dccantatiou and repeated washing with ether. The salt was then 
dissolved in cold water, and excess of ammonia added. Tbe 
liberated base, after being filtered and dried, was usually rendered 
pure by one or two crystallisations from ether. 
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Tbe htnzniemiphonyl compoimcls, C.II/SO.-CjpTTgjON,, were 
liiaiiiod ill a precisely similar manner from equal weights of 
■enzeuesiilphonyl chloride and cinchonine or cinchonidine. 
Bni:oijlc)nchonme crystallises in hard nodules from li^ht 
.etroleuin or ether, but is too soluble in benzene or alcohol to 
crystallise well therefrom at the usual temperature. It melts some^ 
ft'bat indefinitely at 104 — 105° : 

015('4 gave 0'4510 COg and 0'0982 HgO. 78-14; H = 6'93. 

requires C = 78-39; H = 6-54 per cent. 
IknzoylnnchonuUne. separates from ether in small, hard needles, 
solulilo in alcohol, insoluble in light petroleum, melting to a clear 
liquid at 183° : 

0-1040 gave 0-2992 COg and 0'0621 ILO. C- 78-47; H = 6-64, 

crystallises from ether, but is almost 

iiivoluble in benzene: 

0-1-1-23 gave 0'3089 COg and 0-0G69 ILO. 68-88; H-^ 6-08. 

requires 69-11; H = 5-99 per cent. 
li<nzNu^suI'pho7if/l(-incJwnidi/it may be obtained from a boilint^ 
btuizone solution as small needles, meltino- at 1S6°: 

U 1924 gave 0-4896 CO,, and O'lOSO H^. 0 = 69-37; H = 6'24. 

The author takes this opportunity to acknowledge the assistance 
of a grajit from the Researcli Fund of the Chemical Society in 
connexion with these investigations, 
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XXMIL— TnazQ~(jrovj). r<{rt XVI, Jnt<>ract{on 
oj Nitrosaies and Sodi>nn Azide, 

By Martin Onslow Forstkk and FnimKRiR Maignus van 
Geldehrn. 

The alipliatic azcimides which have been studied lutherto are 
rcrived from the coriesponding halogen derivatives 'by double 
f ccoinposition with soriinm azide, a method of production which 
renders the ay.oimide nucleus comparable witli the typical groups 
le aliphatic nitriles, nitn>compouiuls, and carbimides. The fa<>t 
3 nitiosates, such as those of amylene and the terpenes, are 
t^apaoie of exchanging the nitroxyl grouj) for NHX when treated 
a-mines, giving rise to uitrolamincs, led us to anticipate the 
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possibility of converting them into “ nitrosoazides " by the action 
of sodium azide. 

Our first experiinetits have been carried out with the nitrosa^^ 
of woamylcne or trimethyletliylene, originally prepared by Guthrie 
{Annaleu; 1860, 116 , 248), and later by AVallacb (Anmlen, 

245, 243), who showed that potassium cyanide in aqueous alcohol 
transforms it into the nitrile of ketoximinodimethylacetic acid, an 
operation repeated by J. Schmidt {Ber., 1902, 35, 3726). q,. 
warming a suspensioji of the freshly prepared nitrosate iu an 
alcoholic-aqueous solution of sodium azide, we found that tb 
nitrosate is readily converted into the corresponding (riazo. 
compound, “ trimethylethylene nitrosoazidc,” or p-triazo^^-mithjl 
hutan-y-oximt, with production of sodium nitrate, 
(CHa).,C(0*NO.>)-C(:KOH)-CII;i + NaN3 = 

NaNO;j+ (CHy)oCNa’C(:NOH)-CH. 
The triazo-oxime obtained in this way, unlike the material from 
which it is produced, is uni molecular, and is readily hydrolysed to 
tlie corresponding triazoketone, (CIl 3 )XN 3 -CO'CH 3 , which differs 
from earlier members of this class in the condition of the azoimide 
nucleus, since this is attached to a tertiary carbon atom. Com- 
parison with triazocamphor (Trans., 1905, 87 , 826), triazoacetoiie 
(Trans., 1908, 93 , 81), and the triazoderivatives of methyl etiiyl 
ketone {loc. ciL, p. 675) shows that whilst these compounds, hi which 
the triazoti.sed carbon atom is either pidmary or secondary, lo^e 
appro.ximately two-thirds the azidic nitrogen when treated with 
alcoholic sodium ethoxide, this agent acts quite differently on 
i8-triazo-j8-methylhutan-y-oiie, which, although ultimately yieldiiis: 
nitrogen and ammonia, does so as the result of a profound alteration 
accompanied by the development of an intense, blood-red coloration; 
the oxime, however, is converted into a mixture of the un saturated 

oxime.s, ^^^^C-C(!NOH)'CH 3 , unaccompanied by clemeulal 

nitrogen. Thus, the triazokelone establishes very clearly the prin- 
ciple suggested by tlie behaviour of triazomethylacetoacetic and 
triazocthylacctoacetic esters towards alkali (Trans., 1910, 97, 1360). 
namely, the dependence of the triazotised carbon atom upon 
hydrogen for the change first brought to light by the behaviour oi 
camphorylazoimide towards alkali. 

Early iu the investigation it was recognised that the new triaio 
ketoue might prove to be a convenient source of j8-amiiio-i3-niethYl- 
butan-y-one, which should arise from it by reduction : 

(CU3).CN3*CO‘CILi -f IL - Na -h (CIl3)2C(hl H2)*CO-CH3. 

The well-known work of Gabriel on aininoketones has shown that 
sucli substances readily undergo intermolecular condensation, ykld- 
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■raziue- derivatives, but the comparative stability of a-amino- 
^ hor coupled 'with the absence of hydrogen from the carbon 
)[u associating the carbonyl and amino-groups in the above 
amitiobutanone, led us to hope that it might resist the family 
t nuleiicy Experiment showed, however, that although it is possible 
to ptoduco the aminoketone in the form of a benzoyl derivative or 
attempts to set it free from the latter by alkali led to 
liexamethyldihydropyrazine, 

H.N N 

\ , 

CHg'CO , ^(^^3)2 = oji 0 ^ 

{OHd.C CO-CH 3 “ {CH 3 ),C C-CH^ ^ 

NHj S 

wliich forms a very characteristic hexahydrate, melting at 86—87'^, 
and subliming with unusual readiness. It is not necessary for us 
to proceed with a description of this compound, however, because 
tiicre has just appeared a communication by Gabriel {Ba'., 1911, 
44 , 57], according to wliich the same substance is produced by 
[faiibiiiing phthaliminozsobutyryl chloride with ethyl sodioinalonate 
and hydrolysing the product with hydriodic acid. 

The interaction of trimethyletliylene nitrosate and sodium azide 
^ll^rgested the possibility of converting terpenoid nitrosites and 
uit.rosales into triazo-oximes which might be less easily obtained by 
otiier methods, and experiments in this direction, leading to 
;lipcnteiie nitrosoazide, will be described later. Moreover, since it is 
(he nitroxyl group whicli lends itself to exchange, it should be 
j)ossible to convert the nitric esters of aliphatic alcohols into the 
coiresponiling alkyl azoimides by interaction with sodium azide, 
aiul this we have found practicable in the ease of /soamyl nitrate, 
whicli is converted, although rvith sonic difficulty, into hvoaniyl 
azoinude. Very rec^ently it has been observed by Meldola and 
Kinitzeii (this vol, p. 3(i) that an aromatic nitro-group in 2 : 3 ; 5- 
trin]tro*4'acetylaminophenol may be exchanged for an azoimide 
micieus. 

Experimental, 

B-Tna^o-^-metltylhutan-'^-uxime {^['njutUnjltthi/Une ^itrowdzkJf)., 

(CH;,).cN3-cxcH^):Kon. 

Three hundred grams of amylene nitrosate, prepared from 430 
c.c. (292 grams) of trimetliylethylene, were divided into (piantitics of 
10 grams; each portion was covered with 30 c.c. of alcohol, mixed 
with 4 '.O grams of sodium azide in the minimum quantity of water, 
and heated gently until the appearance of bubbles indicated action, 
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which was then allowed to proceed spontaneously. As a result o- 
shaking and occasionally warming, the crystals slowly disappeared 
forming a clear solution which at no stage was green or blue, 
after an interval of twelve hours the accumulated liquid, containifl!, 
crystals of .sodium nitrate, was diluted largely with crushed icc? 
which precipitated lustrous, snow-white plates. The product wai 
filtered and distilled in steam, yielding 94 grams of the solid 
a further quantity of which was obtainable from the motlier 
liquor : 

OdGlT gave 5G‘6 c.c. No and 29° and 758 mm. N = 39‘40, 
C;JT,,|0N4 requires N — 39'44 per cent. 

Tlio triazo-oxi^ne melts at 34 — 35°. It is freely soluble in organip 
media, and crystallises from ether in massive, transparent plate-i: 
hot water dissolves it spaiingly. The cold substance has a faint 
odour of peppermint, but in steam the vapour has a pungent, over- 
powering odour, and exerts the wmst physiological effects of the 
more volatile azoimicles. Aqueous alkali neither dissolves it nnr 
I'cmoves hydroxylaniinc, but the latter change is readily brotiitit 
about by cold dilute sulphuric acid. With concentrated sulphuric 
acid the substance docs not liberate gas until vigorously stirred, but 
with stannous chloride in hydrochloric acid eflervesceneo quickh 
becomes brisk. A determiiiatiori of iiLolecular weight by depression 
of the freezing point gave the mean value 159 instead of 127. The 
benzoyl derivative is an oil. 

Reduction : — On passing hydrogen sulphide into an alcoholic 
solution of the nitrosoazide rendered alkaline with anurionia, 
nitrogen was gradually lihierated; when this change was complete, 
the liquid was evaporated, acidified with dilute sulphuric acid, 
filtered from sulphur, and shaken with lienzoyl cldoride in presence 
of sodium hydroxide. The solid product, after crystallisation from 
dilute methyl alcohol, melted at 1-12°, the temperature observed hv 
Wallach for the di!.)enzoyi derivative of amyleue nitrolamiue 
{Annalai, 1891, 262 , 332)." 

^•Tria: 0 '^-m ethyl b }ditn -y-on c, (Cny)X'N 3 *CO- CII^. 

Forty-five grams of the triazo-oxime were lieated under reflux 
with 100 c.c of 10 per ceiii-. sulphuric acid on the watcr-balli during 
two to three hours, and the product extracted with ether; the 
residue from this was treated in the .saiiie way, and the operation 
repeated until the aqueous liquid failed to reduce cold Fehliiigs 
solution. The substance was then distilled under diminished 
pressure, 30 grams being obtained : 

0T440 gave 4F7 c.c. N. at 18° and 744 mm. N -33-25. 

requires N = 33'07 per cent. 
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j.-, ij;s I'EK 

'fhe irirtzoketone is a colourless liquid, having a pleasant, 
peppermint-like perfume distinct from that of methyl 
v'vl ketone. It boils at 42°/ 14 mra.j and decomposes without 
at 170 — 180° under atmospheric pressure; the density is 
18°. The action with concentrated sulphuric acid and with 
• Tirvous chloride is vigorous, but the substance is not affected by 
dilute alkali; if boiled with Fehling's solution, how^ever, 
i-tdiiL-tion takes place, accompanied by liberation of gas, and an 
Cfd(»ur of k<ocyaiiide. 

The snnicorhazone, (CH3),CN,-C(;N-NH-C0-NH2)‘CII3, was pre- 
pi'C'd in tbe usual manner, and crystallised from benzene in 
rci^cties of lustrous, colourless needles, melting at 127° : 

(*•1281 gave 51'0 c.c. at 21° and 754 ram. N-45-75. 

C(;Il 2 nON <3 requires X~4o'6o per cent. 

The substance is readily soluble in cold chloroform and hot 
bt'iizcne, but boiling water or petroleum dissolves it sparingly, the 
former depositing six-sided prisms ; it is indifferent towards alkali, 
and is rapidly hydrolysed by dilute hydrochloric acid. 

The thiosemicarhrizone, (CH 3 )oCX 3 -C(;N-NH’CS-NHo)-CH 3 , arose 
Dll heating 2 grams of thiosemicarbazidc in 50 per cent, alcohol 
witli a slight excess of the triazoketone during two hours under 
rciliix ; on evaporating the solvent, there remained an oil which 
solidified when scratched. The product, weighing 3 grams, was 
dissolved in 7 c.c. of hot benzene, which deposited transparent, six- 
sided prisms, melting at 106—107°: 

0 1386 gave oO'S c.c. No at 16° and 756 mm. N — 42‘33. 

Cglli^SNg requires N = 42 00 per cent. 

It is freely soluble in cold chloroform, but dissolves sparingly in 
hot petroleum; boiling water dissolves it more readily than the 
stimicarbazone, and deposits long, lustrous needles as it cools. The 
thiosemicarbazone is quickly hydrolysed by cold dilute hydrochloric 
acid. 

Reduction’ of the Trwzoketone. 

Numerous attempts were made to reduce j8-triazo-;8-methylbutan- 
v-one, with the object of studying the corresponding aminoketone, 
but, a.s already stated, we have been anticipated in this branch of 
The investigation by Gabriel {loc, cit.). Aluminium amalgam in 
ether, .stannous chloride in hydrochloric acid, alcoholic ammonium 
sulphide, and zinc dust in acetic acid, all led to the characteristic 
hexahydrate of hexamethyldihydropyraziue, which is conveniently 
isolated in the form of the picrate. Of these processes the last- 
iiamed was the most suitable, 2 grains of the triazoketonc being 
dissolved in 20 c.c, of 50 per cent, acetic acid, and treated with 
: VOL. xcix. S 
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2 grams of zinc dust, added in very small quantities whije tliP 
liquid was cooled j each addition of metal produced general 
vescence throughout the liquid, which remained clear when tb 
liberation of nitrogen was complete. Subsequent treatment coiv 
sisted in adding excess of alkali, and passing steam throng]} 
li(pud or extracting it with chloroform, wliich deposited the prodm.. 
in lustrous plates on spontaneous evaporation. 

Our observations on the pyrazinc derivative bear out in even* 
resj)ect tlio-se of Gabriel, and it is therefore superfluous to oiv(. jj 
detailed description of the substance. The hexahydrate, vliici; 
melts at 8G — S7° (Gabriel gives 88- --89°), has a pronouiicHl. 
mciitliol-like odour, aird sublimes freely in brilliant, trans|xirt.'ut. 
quadratic prisms; after two or three days in the desiccator, tW 
powdered substance was found to have clianged into hstioiis 
crystals of difl'erent geometrical form, melting incompletelv at 
50—52°. The picrate, on account of its sparing solubilitv in eolii 
alcohol, is useful in rccognisiug small quantities of the Last; 
2 grams, dissolved in 225 c.c. of boiling alcohol, separated in loin', 
lustrous, sulphur-yellow prisms, melting at 230° after becoiiiiiii’ 
deep red : 

0T206 gave 18'9 c.c. Ko at 17-5° and 740-5 mm. N -17-93. 

requires >7 = 17' 7 2 percent. 

The platiuichloride is insoluble in water, alcohol, acetone, and 
ethyl acetate, but was recrystallised from hot alcohol contaimii!; 
hydrochloric acid, w'iiicli deposited small, transparent, pale red 
prisms, remaining solid at 310° (Pt — 33'73; CjQHooNoCk^iPt requiro 
Pt — 33-80 per cent.). 

With the object of preparing the aminoketoue, the iriazoketore 
was reduced with stannous chloride in hydrochloric acid, hydrogL'ii 
svilphide being used to precipitate the tin ; on adding alkali to tW 
filtrate, and shaking wnth benzoyl chloride, the product melted at 
125°, the temperature recorded by Gabriel. 

Royal College oe ScmNcE, London, 

SoL'TJi Kensington, S.W, 


X X 1 X. — Til r 7 / L Fa i V A" I II. Xifro^'otanh 

vj Filuau'. and T<!rj)iiie.ol . 

By Martin Onsloiv Forstkh and Sidney Herbert Newii.^x 
Dcring the thirty-five years which have elapsed since piuen^ 
nitrosochloride was characterised l)y Tilden, the substance itself, 
and the reaction upon which it is based, have continued to furnidi 
data of interest and importance to the chemistry of the tcrpeiie 
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.ei-ics. Eai'iy in the history of the nitrosochlorides, it was foinid 
t],at whilst the action of sodium ethoxide withdraws Die elements 
,,i jiydrogen chloride, treatment with a primary aliphatic amine 
iHViives an exchange of chlorine for the substituted ammonia 
tv-iJiie, the products being called nitrolamines. Variations of this 
n-ai'tioii have been described by Tilden and Burrows (Trans., 1905, 
87. ;U1|. Tilden and Leacli (Trans., 1904, 85, 931), Leach (Trans., 
91 . 1), and Ciismano {(hnztiia, 1910, 40 ,' ii, 122), as tho 
iivuii- of wliich pinene nitrosocyanide, the limonene iiitroso- 
cvaiiide^, pinene nitrolaniine, and pinene hydroxylainineoxiine, 
tr.pectively, liave been brought to light. 1’lie general applicability 
,,i' this leactioii suggested the possibility of introducing the tria/.o- 
un.iiip into the pinene nucleus by the action of sodium azide on 
lilt- niti'osochlorule, and we find that lliis change mav be brought 
about very easily, the yield of nitiosoazide leaving little to be 
ibMred. 

Ihiiene niirosoazide is a luiirnolecular substance, inciting at 120^^, 
(li^^(^!viIlg readily in organic niodia, and distilling slowly in steam. 
Alcoholic sodium ethoxide quickly removes the elements of hydrazoic 
;uid. fonning nilrosopiriene, but the analogy^ to the uitrosochloride 
docs not extend to the action of piperidine, for this base also 
j)rotlucos nitrosopinene instead of the nitrolpiperidide, beliaving, in 
I'.ict, like dicthylamino with the uitrosochloride. This indication 
of ilic presence of an /.vonitroso-group is confirmed by the production 
of an acetyl derivative (m, p. 64°), but on attempting to convert 
the uitrosoazide into the triazoketone, as prescribed by Wallaeli 
[Aniuiltu^ 1905, 346 , 220) for the isolation of carvopinoiie from 
nitrosopinene, namely, hydrolysis witli aqueous oxalic acid, it was 
found that liot water alone gives rise to an isomeric pinene nitroso- 
adde, melting at 125°, and yielding an acetyl derivative wliicli melts 
at 71°, Two possibilities present themselves as an explanation of 
this change, either inversion of the carbon atom which carries the 
methyl and triazo-group.s, or transference of the latter to a neigh- 
Ijouniig atom, similar to the rearvangement wiiicli takes place when 
hydrogen chloride converts pinene into boniyl chloride. We believe 
hat the latter alternative underlies llio transCormation in question. 
Although it is true lliat sodium ethoxide withdraws hydrazoic acid 
irotti tho isomeric pinene nitvosoazido (m. p. 126°), thereby pro- 
hudng nitrosopinene, the following fonnulce made it clear that the 
latter might arise from an isomeridc differing in structure from the 
‘H’igiual pinene nitrosoazide (m. p. 120°). As, moreover, the action 
hot water on the isomeride involves disruption of the tetra- 
nictliylene ring, and leads to the oxime of liydroxydiiiydrocarvone 
V'ith elitniiialion of hydrazoic acid, it is natural to conclude that 
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Thp tetpined nitrosoazide represented above was nrenar„N f 
inactive terpmeol, melting at 35°, by converting itinL L 
i’li'oride. and acting on this with a]co?inliV ^ iiitioso- 

Tims tim hydrovydibydrocarvoxime obtained ZmTt bv^the 

oi bodium cthoxide is inactive also and -a r 
,po.,,.cn produced from the isomeric pincne 

nuL^ddoridls,’ hmirdt^rtllr oThmre.m ‘aid^r^™ 'u 

be described later. ■'““Ifs will 

ExPKEImeNtal. 

Ph,e„, Nkrosoazide, C,„H, 5 (;NOn)-X 3 , 

zr, -™ 

of sodium azide, and gently warmed - at the 

lire flask was withdrawn from the steam bath T 11''*°'' “rtion, 

at about 40 ° during one hour Tfc 

thiougliout the day^-hen it L f^d S T nh" 

had passed into solution leaviiifr a c:nc ■ ^itiosochlonde 

the luiuid was then dilutW w-itlf wa(erCtn“!.rvsblilr r '“n”''"’ 

At- no tune was a blue or green colour nrr T began. 

*.-t for free hydrazoie add “vetl ,? ‘1"'':"? i'" 

•hat substance. The filtered nrodi, e ’/ indication of 

.ociystallised from hot alcohol, then from“a nimh.rfof b 
|.ctiole«m, and finally from benzene alone 4 
1 -J c.c. of the hot solvent whioli ’< , ^ about 

transparent prisms meltint^ fr> 7 hnlliant, colourless, 

1 isms, melting to a colourless liquid at Ioqo. 

0-4474 CO., and 0d49n F O p 
"TOO - 22-0 o.c. K.'at 8° anc Tr ^ C = oroO ; 11 = 7-87. 

(. IT ov . " i a-tidF/mm, X = 2 r*lS 

requires C -57-63; 11 = 7-74; X^2e-92 er 

, acetate, chloroform, 

■t 15 insoluble in 15 per cent notisd ‘i"!' •'' '’oiling petroleum, 
in nuicciurated sulplnu-ic acid dlb,"” solution 

stiircd viaoronslv- li 5 ‘'2<'>'-e.5ncs only slowly on being 

''«'''ovor.libeiat.o7of ni i;lert"aT 

nitiosoazide i., soinewlmt ™h 17 ' h '' ™'’" 

»n<l pHiigent odour, prodiiciim il 7'' * '^''POnoid 

*'''= I’-’l which is Z ZZZt Z «'^obbiug effect in 

'‘"nnuinatioi, of raoleclhrl^ bf 7 / “oimides. A 

^ rvio ^ I’eqiuriug 208 . 

""'Iw reflux with allohol 

iKh one atomic proportion of sodium 
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had liecii dissolved, precipitation of sodium azide taking place vcrv 
rapidly. After three hours the liquid was poured into water. 
precipitated nitrosopinenc, identified with a specimen prepare^ 
from the nitrosochloride. The same substance, melting at hji: 
was obtained bv the action of piperidine in hot alcohol, tlfic; 
failing’- tf> yield the nitrolpiperidide, which melts at 118— 119-. 

T/it Arrfij/ Ocrivofirr.— On heating pinene iiitrosoazickMviit 
ncctie anhydride during a, few honrs on the sieaTn-hath. 
precipitated a material which was rccrystalliscd twice hy dihitin-, 
a. solution ill warm acetic acid : 

()’1'212 gave 23‘2 c.c. Ak at 20° and 774 mm. N--22’23. 

requires 22-41 per cent. 

Tlio substance is very freely soluble in organic medin. evir. 
pi'iroleum, from wliich it separates in aggregates of tough, inn,, 
parent, rectanmilar pi’isms. melting at 84°. 

T/if hofituir rinrnr Xit ro^o,r:r(h (m. p. 126°), 

On subject iiii: a considerable quantity of the nitrosnazirle fm. p 
120°) to steam distillation, it was noticed that the solid disiillatc- 
cven after recrystallisation. melted very indefinitely at SO-KF, 
whilst the residual liquid dc]K)sIted lustrous, colourless nefdle?. 
melting at 133'5°. and no longer containing the triaze-LOTcp. 
Accordindv, 10 grams were licaled under reflux during .six lioiiv 
on the stcam-batli with about 100 c.c, of water and sufTicieiit alcoK 
tn cnsin-e the return of the volatile nitrosoazide to the flask: ?■. 
current of steam then carrical over 3'5 grams nf a- colourless solid, 
accompanied Itv a considerable proportion of hydrazoic acid. \d'iv 
the hot aqueous residue vicldcd about 3 grams of the sulistantf 
melting at 133’o° The distillate was rccrystalliscd three tiiiif' 
from hot petroleum, in wliich it is more readily solnhlc than th 
(>!-iginal nitrosoazide. forming lustrous, transpa-rent . six-sided prhiti-. 
melting at 120°: 

0- 1 81 8 gave 0-3838 CX)., and 0' 1 284 IT.p. C 57-57 ; H - 7‘9X 
0-1361 31’3 c.c, Xo at 17° and 704 mm. N = 26-84. 

Cj, ,11], ;OK^ rerpiires C- 57-03 ; IT - 7’7d ; X = 26-92 per cent. 
Thus the product appears to be isomeric with the nridi'id 
Tnatei'iah the melting point, of wliieli wa,s depressed to about ]<'>' 
hy admixture. Tlic presence of the triazo-group was revealed !\v 
efTcrvesoGnce with concentrated sulphiirie acid and a liydroclilcH' 
acid solution of stannous chloride. The cold substance has a 
distinct, terpenoid colour, which becomes very pronounced in deani. 
A determination of molecnlar weight hy depression of the frcezins: 
point of benzene gave the mean value 224, CjoHitjOX^ rcquiiing 
Action of Alcoholic Sodium Ethoxide , — Two grams were hcatp 
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nnclex reflux ’with 15 o.o. of alcohol, in which 0‘3 gram of sodium 
j-ui been dissolved, and having been poured into water after two 
liourj-. rendered faintly acid with acetic acid. The precipitate was 
,.iv>t;)llised first from alcohol, then from petroleum, when it melted 
131", and did not depress the melting point of nitrosopinene 
v,h(.n mixed with it. 

/•/,, Aeefi/l Dcfivafiir. Three grams of the homeridc of piueno 
tmn'soazidc (in. p. 126"^) were healed with 10 f.c. of acetic anhydride 
,!iicj]!v three hours on the stcanvhath ; the solid obtained on dilution 
was mvslallised twice from dilute acetic acid, and finally from hot 
jwtroleuni. which deposited aggregates of brittle, transparent plates, 
imitiiig at 7Fj a mixture of this product with the isomeric acetyl 
iK rivative (m. p. 64°) became liquid at about 50° ; 

D'J^Sl gave 24'{} c.c. at 18° and 781 mm, N=-22‘20. 

0].2H|j^0oN| requires 22-41 per cent. 

Tlie .'iubstance is very freely soluble in organic media. 

of hot llV/fcr. Two grams of the nitrosoaz.ide (in. p. 126°) 
were heated under reflux with w-ator and a. small quantity of alcohol 
.luring six Iioius, when a current of steam was passed through the 
lirjuul; IT gram of unchanged material was carried over, along 
with hydrazoic acid, whilst the residual liquid deposited lustrous 
needles identical with the ahove-mcntioncd liy-product melting at 
!33a° This was found mi analysis to have the composition 

r„.n, 70 ,N: 

(V1649 gaveO-307G CO. and 0-U31 H.O. C = 65-77 ; H = 9-70. 

()'2273 15-4 c.c. N. at 17° and 759 inm. N — 7-85. 

Cii,ll]:O..X requires C = G5-57j H -9'37; X = 7-65 per cent. 

We w-ere tims led to suspect identity with the oxime of hydroxy- 
dilmlrocarvoiie. stated by AVallach to melt at 133 - 134°, and on 
preparing tlie diacetyl derivative from our product, tlii.s melted at 
107°, the temperature recorded by AVallacb for that sub,slance. The 
piesence of the oximiiio group "was further indicated by the action 
ef hot dilute sulphuric acid, which eliminated hvdroxvlaminc. 

'I he Berizoi/l J)crivatit't-~By the action of benzoyl chloride in 
10 per cent, sodium hydroxide, a monobenzoyl derivative was 
produced : 

0-2194 gave 9*8 c.c. In,, at 17° and 764 mm. hs -=5’12. 

requires X=-4'8S per cent. 

It melts at 83—84° after crystallisation from a mi.xtiu-e of benzene 
:mcl petroleum. 
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Ter'inneol ^ itrosoazide^ Cj(jIIi(3(OH)(.^OH)*N3. 

Thirteen gra-ms of nitrosocliloride, prepared from ina-cth-r. 
terpincol (m. p. 35°), were suspended in 100 c.c. of 84 per cen*.. 
alcohol, and allowed to remain with 6 grams of sodium azide at 
about 40° uniil the suspended material consisted of sodium chloride, 
This occupied a fe^v hours, and did not involve change of colour 
or liberation of hydrazoic acid. On pouring the product into water, 
terpineol nitrosoazide separated as an oil which solidified verv 
slowlv, tlie first crop weighing 5 grams ; a further quantity separated 
from the mother liquor in the course of another w’eek. The product 
was moistened with cold petroleum, drained on earthenware, and 
recryslallised twice from the minimum quantity of hot benzene. 
^vhich deposited clusters of small, transparent, six-sided pkte^ 
melting at 111°: 

0T71T gaveO'3337 CO^ and O' 1244 HnO. C“53’01; H = 

0'0952 „ 2()‘2 c.c. No at 19° and 779 mm. N = 25-01. 

CioHisOoN, requires C^oS'Oo; H^8'02; N^24‘80 percent. 

The substance is freely soluble in organic media, exceptice 
petroleum, which dissolves it sparingly on boiling; it is also some- 
what soluble in cold water, crystallising slowly in long, six-sided 
prisms. The nitrosoazide is odourless, even in boiling water, bur 
the azidic character is revealed by effervescence with concentrated 
sulphuric acid and a hydrochloric acid solution of stannous chloride, 
When heated with alcoholic sodium ethoxide, sodium azide n 
precipitated, and liydroxydihydrocarvoxirae is formed (m. p. 133-5-). 

Koy.vl nc London. 

Suc'Ui Krnsington, S.tV. 


XXX. — Xav Dcricfitlves of jlxcomrnrne. 

By James Colqvhoun Iryixe, David McNicoll, I'rl.A., B.Sc. 
(Ca-rjiegie Scholar), and Alexander IIvnd, M.A., 
(Carnegie Scholar), 

The action of acetyl bromide on reducing sugars, by means of whidi 
the latter arc converted into aceto-halogen derivatives, has recently 
been extended considerably by Fischer and his pupils 
42 , 2776; 1910, 43 , 2521). Owing to their convenient solubililk-' 
the ready displacement of the halogen atom, and the ease with 
the acetyl groups may be sul)sequcntly eliminated, these a-cetylatec 
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ip-.v)'^o-ooiiipounds arc likely to prove of great service in sugar 
In particular, the preparation by Fischer of non- 
disaccharides by self-condensation of acctylated aldoses 
up a nc\v field in the formation of sugar complexes. 

' ptAvards the close of 1908 a research was commenced in this 
I'linuatovy on the constitution of glucosamine, and the paper 
by one of us, " A Polarimetric Method of Identifying 
' (Trans., 1909, 95 , 564), contained some results which were 
retained in the early part of lire work. The action of acetyl 
lii-oraido on glucosamine hydrochloride was siibseq^uently under- 
I'pU'ti rvith the object of preparing a bromotriacetylglucosamine 
ii'oiu which a tria.cGtylmethylglu cos amine could he obtained. Pre- 
^utnablv a glucosidc of this nature would, owing to the absence of 
bvdroxvl groups, react normally with nitrons acid, and thus be 
(r.nvei'led ultimately into methyl glucoside. Additional evidence of 
a ircculiarly direct nature would thus be obtained as to the relation- 
T'lii) between glucosamine and glucose. 

The theoretical steps in the scheme of reactions is shown below : 

Glucosamine hydrochloride • — 

0 , 

OAc-CH,-CH(OAc)*OH«CH(OAc)-CH(NH,)-CIlBr 

HCl 

. . (j) ^ 

O.Vc-Cip-CH(OAc)*GH'CH(OAc;-CH(X>g-CH-OMe 

HCl 

0 - - -- 

OH-CH./CH(OH)-CH-CH(OH)-CH(OH)-CIi'OMe. 

The experimental difficulties eircountered have delayed the com- 
pletion of the research on the above lines, and, during the progress 
01 iliG work, important papers have been published by Fischer on 
llic application of acetyl bromide as a reiigent- in the sugar group. 
Owing to the similarity of the methods employed by us, we con- 
?i(k'red it advisable to submit our results to Professor Fischer so 
as to avoid duplication, and, in a private coimnuiiicalion, he kindly 
informed ns in advance of the details of his recent research on 
amiuo-sugars (/ier., 1911, 44 , 132). The investigation in question 
includes the preparation of an aminomelliylglucoside, which, in his 
ophnoii, docs not appear to be a derivative of glucosamine, and 
as our woz'k has no'w resulted in the formation of an aminoglucoside 
wliich is possibly identical w'ith Fischer's, we have arranged to 
publish our results simultaneously and in a less complete form 
than otherwise would be desirable, 

find that glucosamine hydrochloride reacts with acetyl 
bromide to give hromotriacetylglucosamiue hydrobromide (m. p. 
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149—150°, [a]p +148-4°). The salt-forming molecule of hydro&f,. 
chloride origiiiall}" present is thus displaced hy hydrogen bromifl, 
but otherwise the reaction is normal, and the primary amino-groi'. 
is not affected by the reagent. The product displays the- 
properties of an accto-halogeii sugar derivative. When di^olverl 
rmtist acetone, hydrogen bromide is formed, and, in the ahspijf,,. 
a base, the acetyl groups arc slowly eliminated, so that gliU'D^aidj,,,' 
hvdrnbromide is finally produced. The conversion into a ‘ 
giiico.side " was effected by dissolving the hromo-compoiind in nifp',.: 
alcohol containing one molecular proportion of pyridine, the prodni.* 
of the change heiiig triacetylmethylglucosamine hydrolimiiiirlr. 
(m. p. 230 233'^, [aj,., -r 20‘2r>°). This compound behaved a.; ^ 

glncosidc towards Pchling's solution, and contained otic metl]f><v' 
group. The action of nitrous acid on the substance contirjncd tif 
presence of the anuno-groiip, but the acetyl groups were att, 
eliminated during the reaction, and, so far, no definite dfiiv.itiv, 
of glucose has lieen isolated from the products. 

The hydrolysis of triacetylmetliylghicasaniine hydi-obromide, 
wlien carried out with concentrated hydroclilorie acid, resulted ir 
the formation of glucosamine hydrochloride, but the hvdrolvsis inav 
be controlled so that only the acetyl groups are removed, while tlii 
ghicosidic met boxy 1 gi'oup remains unaltered. Tlris was ela def; 
by boiling with bariinn hydroxide in aqueous solution and abn l.v 
tlic prolonged action of a OTo per cent, methyhalcoholic .^ohitinti r,' 
hydrogen bromide in tin' cold. In cither case, a non-fUTtvlaud 
aniiiiometliylghicosicle I'csulfs. which, in the meantime, niav ft 
termed vu tlnj^rilxco^aminr. The compound reacts strongly had; , 
and form.s a well-defined hydrochloride (m. p. 185°}, wlikh yiv-o 
[a],^ - 19‘5° in aqueous solution. It has no action on Feliliitd.' 
solution iintd after hvdroivsis. and I'eacfs as an amino-compoiii!i! 
toivards nitrous acid. The latter reaction lias, so far, only hew 
carried out on the small scale, luii we intend to examine tb 
products of the change with (he object, if possible, of 
methylglucoside. 

The aminornetliylglncoside recently prepared i)y Fischer fn-i!: 
dihromotriacctylglucose (/->c. elf.) shows many similarities wilhtliar 
just described, but it is difficult in the meantime to say (Iclinileh 
if the comjKiunds are isomeric nr identical. Tt is important to 
arrive at a decision on tliis point, as, a.'^.'iimiing the conipouiids io 
be idenlical, a direct synthesis of glucosamine from glurose is thus 
established by Fiscdier, X comparison of the two compounds is 
therefore included in the discussion wliich follows. In the course 
of the work, triacetylglucosamine hydrobromiJe and a dihanimi 
derivative of glucosamine were isolated as by-products, 
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Dkcumon of Resulfs. 

r,,y,,iifu(ion Nomenclature of the Com'iwnids Dcs^crihrd. 

\< ill addition to the correlation of ^luc^osamine and glucose, 
ji ,. (ilijcct of the present research is the syntlicsis of complexes 
)'it •linin'" the glncosaTiiine residue, it is important that the con- 
^iMution of the compounds involved should bo established. Each 
.ili^taiice ha.s according!)" been hydrolysed, and the producls have 
],tcn identified. This was considered necessary in view of the 
f ,('t tliab in the decomposition of bromotri acetyl glucosamine, 
|ivridine was used to remove hydrogen bromide, and, in the sub- 
<rijiu'nt preparation of mctliylglucosaminc, silver carbonate was 
(•iiiploycd for the same purpose. Neither reagent seems, however, 
fo liavc occasioned intramolecular changes, as all the compounds 
(Ic'Ciihed gave either glucosamine hydrnbromido or hydrochloride on 
roinplclc livdrolvsis. This definite relationship to glucosamine is 
tlif'rcfore embodied in the nomenclature used, and is shown in the 
I'nl lowing scheme: 

Iti'omotriai'etvlghu'osaiiiiiiH liydrubroiifidt;. 



( ;lu('(isium'iic livdrocliloriilc. < — Tfiacetyhnotliylghicosfuniiifi li vdrobroiinilo. 

\ ’ ' I 

\ 

\ 4 

iretliyl'ilMoosaiaini' hydrodiloiide. 

Kacli of tlie new derivatives should, like the parent substance, 
exist in a and /3-modifications, and, in tlie case of bromotriacetyl- 
glucosarnine, the two forms should be spontaiicuiislv intercoiivei’tible. 
Tills was confirmed by examination of solutions in anliydrous non- 
liydroxy-sol vents, optical changes then resulting which were not 
due to decomposition, and which must therefore be regarded as 
iionnal mutarotation. The rhangf* was difficult to detect, a.s minute 
traces of moisture decompose the bromo compound and give rise 
lo apparent miitaroiaiion, but the following result shows that the 
compound is jirecipitated from solution in a labile form. 

Soli'cni : l^nrc dr>/ ((ccfi>}}r. r- .VOL 

Tinif frain first reading. [“If!'' 

0 iiiimites . 

„ 

9'^ ,> 148'4 (approximately constant) 

The etiiiilibriuni solution was then diluted to half the con- 
centration with acetone containing 2 per cent, of water. The 
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specific rotation at once increased to + 181 ’ 6 °, and then dimini^ji 
gradually, as shown below: 


SpCiCific rotation before addition of aqueous acetone + ]4S‘,j- 

M M M n ]Sl/i 

,, ,, 12 hours liter ]20-ci 


A crystalline substance gradually separated, from the third cia- 
onwards, until finally nothing remained in solution. This product' 
when recrystallised from methyl alcohol, shown to be gluco^' 
amine liyrli'obromide. The interpretation of the optical chanfres 
is simplified by plotting the values in a curve : ' 


Ihifafiiiti rlo.,i(jr:i ohfi. rrnl diu'iiX! thr courrr.'^ion of broinMriruyfi/J- 
fjJwoMinror tiU.o (tl ncOf>n ii} i nc hpdrobriiDiidc 



Normal mutarotation in Uie pure solvent is represented bv .-lil. 
the immediate formation of triacctylglucosamine by the sharp rise 
liC, whilst CD represents the gradual removal of the acetyl grovqs 
and the precipitation of the product from solution. From these 
considerations, we regard the bromo-compound as possessing ttie 
structure ; 

0 - 

OAc‘CH,pCH(OAc)‘UH*L:H{OAc)-UH(NH.,)-OHRr {a- ai-d 

HBr 

Considering the method employed in the preparation of a methyl- 
glucoside from the above compound, the product should be the 
^-form. This is supported by the low value of the specific rotation. 
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iiui by ttie fact that different preparations gave uniformly the same 
rt.uil* On the other hand, inspection of the experimental details 
will show that our preparation of methylglucosamine probably 
^ mixture of the a- and j3-forms: 

0 - , 

0H*CH,*CH(01I)*0H*CH(0H)'CH(XfI,)-oiI'0Me. 

HCl 

I This complicates comparison with Fischer’s aminoraethylglucoside 
ilivdrocblaridc. The solubilities and crystalline forms of the two 
substances arc similar, but whilst Fischer's compound gives 
[a],, and decomposes at 210°, we find that methyl- 
glucosamiue hydrochloride gives [aJu-lO'O®, and melts im 
detmitclv at 185 — 18 These differences might, however, be 
explained on the assumption tiiat the two preparations are 
jiiixtures of a- and 0-forms in different proportions, the 
melting point in one case being lowered below the decomposition 
point. A more serious point of apparent distinction is the 
ItehavLOur of the compounds towards hydrolytic agents. Fischer’s 
aninioglucoside is hydrolysed by A-hydrogen chloride at 100° to 
give a product other than glucosamine hydrochloride. On the 
uilicr hand, we find that methylglucosamine is only hvdrolysed to 
a slight extent by similar treatment. Even after heating for two 
hours at 100° with 10 per cent, liydrorhlorie acid, only a slight 
rise of rotatory power in the dextro-sense was evident, and, as 
rotatory changes during the hydrolysis of glucosides arc usually 
well marked, we conclude that the change is imperfect under the 
given conditions. It should bo stated, however, that, during the 
action, the liquid acquired a very decided action on Fehling's 
.‘jolutiou, and the product, when isolated, no longer behaved definitely 
as a giiicosidc. The use of concentrated hydrochloric acid as the 
hydrolytic agent gave, however, a normal result, the specife rotation 
rapidly altering from -17° to -f52°, and glucosamine liydro- 
rhloride was then isolated in nearly quantitative amount from the 
solution. It would thus appear that the glucosidic group in methyl- 
glucosamine is either remarkably stable, or that the hydrolysis of 
the compound is accompanied by the formation of intermediate 
complexes, which are only decompovsed into glucosamine hydro- 
chloride by concentrated acid. It is also conceivable that, if 
hydrolysed polarimetrically with concentrated acid, Fischer’s com- 
pound may similarly give the giucosamine salt. This, already 
pointed out, would be a highly desirable result, 
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ExP£EIMENTAL. 

T reparation of Ghicosamine Hydrochloride. 

The starting material used was chitiii, which was prepared 
lohstei- shells in tlie usual way. The product was not precipitutiM, 
and was therefore in the massive state. The conversion inP) 
glucosajiiine salt by boiling with hydrochloric acid results in ^„n;e 
decomposition, but we liavo succeeded in increasing the yit],] 
siderably by carrying out the hydrolysis according to the metlifnl 
described by one of us for polarimctric experiments (lor. cit.). 
the economical preparation of glucosamine liydroLddoride 
important, we submit the details of one typical experiment. 

Fifty grams of dry chitin were vigorously shaken in a wide, 
inoiithed bottle with 1250 c.c. of coticeiitrated hydrochloric acid ihr 
six liouns. A clear, syrupy solution was thus obtained, arid tb, 
hydrolysis was completed by lieaiing at 50^ for an additional periofi 
of six hours, the liquid being vigorously .stirred during the pl•0(■t■s^. 
The solution, whicli was only slightly brown, was then concent rated 
nearly to dryness at 50^/ 15 mm. Absolute alcohol (150 c.c,) \va> 
then added, and the crude glucosamine salt collected. Tlio product, 
wlien recrvstalliscd in the usual manner, amounted to 80 per a>)it, 
of the weight of chitin used, and no gummy by-products wcie 
formed, A quantity of 200 grams of tiio glucosamine salt, prepami 
by the above process, wa.s used in the following experiments. 


Bro moi flat- lit tjl (jlucomm i ac Jf ydroh romid e. 

In the preparation and manipulation of this compound, all tlic 
materials used must bo specially dried, and precautions taken to 
exclude moisture. As the action of acetyl bromide on ghicosamiiit? 
hydrochloride is vigorous, and the bromoaceto-derivative formed 
is decomposed by the reagent, the best conditions for the preparation 
of the compound Nvere only ascertained after a large number of 
experiments had beeTi made. The reaction must be carried oiu witli 
small quantities of material, and, in order to avoid the necessity 
to weigli out the reagent, tlio best method is to use in each pre- 
paration the weight of glucosamine salt corresponding with tbe 
weight of acctyl bromide contained in a tared sealed bottle, Tiic 
following are the details of one typical preparation. 8'4 Orarus t>i 
glucosamine hydrochloride (1 mol) were introduced into a boiling 
tu])e fitted with a reflux condenser and provided with a mccbaiucal 
stirrer working in a iiiercury seal. Twenty-five grams (5 mols.) ot 
acctyl bromide were then added, and the well-stirred inisture 
cautiously heated. Reaction usually commenced at 60"^; 3iid 
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ivdrogen ui’omide was steadily evolved for thirty miuutes, after 
itb the mixture suddenly solidified. The tube, when cold, was 
jj ihen in a mortar, the hard mass roughly powdered, and kept in 
• icuiun desiccator over soda-lime until free from hydrogen 
jruiiii^le. 'Hie yield of crude material thus obtained was almost 
Theoretical amount, and no unchanged ghmosainine hydro- 
clilmhic remained. 

The use of a larger proportion (9 inols.) of acetyl bj'omide than 
rcconimoiulecl above is inadvisable, as the product remains 
lin dilution, and no definite end-point to the reaction can be detected, 
•g, jodrogen bromide is continuously evolved owing to decom- 
pu'itiou of the pi'oduct. The use of tlic theoretical amount of the 
is also inconvenient, as about 20 percent, of llie glucosamine 
Sii.T escapes reaction. It w'as also impossible to ca,rry out tho 
.rcaiiioii successfully in chloroform solution, as apjjarently triacetyl- 
luuicosaniine hydrobromidc resulted. 

'['hv crude brorno-compound was dissolved in hot chloroform, 
{‘iltcrcd from traces of glucosamine salts, and tlie .solnlioii allowed 
tu cvai)orato spontaneously until crystals formed on the side of 
tlio crystallising basin. After tho addition of a small quantity of 
(hv ether, the solution WTis vigorously stirred, and in a fe\v miniitca 
the purified compound suddenly separated. AYhen pure, bromo- 
Triacctylgluoosamine hydrobromidc consists of colourless, delicate 
iit'cdles, softening at 144^, and melting and deconiposing at 
MO The compound is readily soluble in water, nmthvl 

ur ctlivl alcohols, acetone or ethyl acetate, reacting witli the 
liydroxy-solvents, but is insoluble in ether or hydrocarbons: 

Found, C — d‘2'05; 1T“4“47; Br = 34’G6; X~3T7, 
t'jJI]/) 7 NBr.HBr requires C-32 08; H-::1'28; Br~3r)'C2; 
lY 3T2 per cent. 

Unless sj>ecially purified, the co]n])OUiid rai)idly a('quired a pink 
colour, but a pure specimen lias now j'cmatjied colourless for several 

UlOFllllS. 

rciinanciit HTiocitu: I'oTatiou in acetono ,V011 •I-14S-4'' 

1, ,, tUlivl acft'itc (c 1 rO'.oJ) -I la2'8 

1 ho above values gradually diniinislu'd after some time, owing to 
liydrotvsis. 


2 rittccfyl ni ethyl ijl kcoui ni I n e it yd rohro m ide. 

A 5 per cent, solution of bromotriacetylglucosainino hydru- 
hroini<lo was prepared in absolute methyl alcohol containing 1 per 
cent, of anhydrous pyridine. Optical examination of the filtered 
liquid sboW'Cd that the reaction was complete after six hours at 
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the laboratory temperature, and that the reaction is quantitative 
The solvent was removed at 20°/ 15 mm., and the residue crystaili.^': 
from methyl alcohol containing a small quantity of ether. Acce.; 
of moisture during all the operations must be carefully exchid,-,^ 
as otherwise the deliquescence of the pyridine salt results in 
formation of syrupy products. A small quantity of gIuco?amihf 
hydrohromide is also produced, and the yield of the pure gaicosid;. 
isolated does not exceed 52 per cent, of the theoretical amount: 

Found, C— 38'9'1; H — 5‘S3; Br — 20T0; N — 3’70; OMe--7‘rjn 
CV>H,^OyN(OMe),HBr requires C~38'99; II = 5’55; Br = 199 '. 

N=:3‘50; OMe = 7'74 per cent. 

Triacctylmcthylglucosamiue hydrobroinide crystallises in delicatr. 
prisms, melting and completely decomposing at 230 — 233°. Th 
compound is readily solulde in water or alcohol, sparingly so p 
acetone, insoluble in ethyl acetate, chloroform, ether, or beiizc-iu 
The aqueous solution rtuict s feebly acid to litmus, and behaves a? a 
glucoside towards Fehling’s solulion. Ammonia is evolved wren 
the compound is boiled with sodium hydroxide, the solution tamin'’ 
brown. 

Solvent. i‘. Siiorific nU.ilion. 

Mc’tlivl alcohol i’'098 -i- 20 ■211'' (without uiiiiarotatiuii' 

WateV 1'240 

Jlydrolijsis of Tnacetylmcthylglucosamine IlydrohromuJt. 

Cowjdcte Uydrulysis by if ydrogen Ghlorkh’.^K 5 per cent, solu- 
tion in concentrated hydrochloric acid was kept for twelve hours 
at 20°. During this time the specific rotation diminished from 
-f 25‘5° to - 6 °, owing to the removal of the acetyl groups. Thr 
solution was then heated in boiling wuater, polarimetric readirs' 
being taken at intervals. The rotation rapidly became dextio, and 
after forty minute.s the value w'as [esj^ +16°. Thereafter the liquid 
suddenly turned brown, so that no further optical exaniiiiatioii 
was possible. The solvent was removed at 30°/ 15 mm,, the residue 
washed with alcohol, and recrystallised from water by the addition 
of alcohol. The product reduced Feldiug's solution, gave uie 
nitrous acid test, and was shown to bo glucosamine hydrochloride 
by determiiialiun of the specific rotation and halogen content: 

Found, [a]/; in waier + 89-6'' 71 5^ ; Cl = 16-55 percent. 

Ciuco.samiiie bydrochlorido requires [a]'// — >• 72 55 
Cl = iG‘44: per cent. 

Partud Hydrolym by Barium Hydroxide, — 3'3 Grams oftriacetvl- 
methylglucosamine liydrobromide were dissolved in 100 c.c. of an 
aqueous solution of barium hydroxide containing T'Sl gratis 
Ba(OH) 2 , 8 H 20 , and the liquid wa,s bailed under a condeuicr for 
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o- .y :nv Iiiumtos. The equivalent amount of .V-sulphitric acid was 
Juu added, and. after removing the barium sulphate, the solution 
evapor.ited at 30°/ 15 mm. The solid residue was extimctcd in 
1 „. place with boiling ethyl alcohol, and afterwards with cold 
u,.:hU .'doohoi. The former extract gave, on evaporation, a syrup 
vK. b ..cJiiccd i’ehUug s solution. Thi.s w.,s dissolved in e.xccss of 
:i,vl alcohol containing per tent, of hydrogen chloride and 
wed .'It yd-' for twelve hours. The acid was removed by me'aii.s 
L ,dv,r ,.a.l.ouate, and the (iltratc, on evaporation in a vaemnn 
,i..d a. syrup which reacted as a strong base. On dissolviuo j,,’ 
p„:,i cciiccntrated liydrochloric aeid and precipiitating with excess 
H a-cctoiie, a trystalline iirccipitafc was obt.iined. d'his proved to 
b.- il:e hydi-ooliloride of luelhylglacosaminc wlii,:!, is .sul.senuentlv 

It-Mniii'd. ^ 

■| l!c methybalcoiiolic extra, .-t describe, 1 above, when decolorised 
i,„l , -vapor;, ted, yielded a semi-cryslallino residue. ;\fter dryii,.. 
II, |n,i<nis porcelain and reerystaliisation i'lom mctlivl alcoliol the 
was found to be free from halogen, l.nl cont.r,„ed h.arHi,,, 
\ii;dy:vis oi Li specimen dried at lOiP gave : 

Ftriiiid, TT^i-03; Ea^Gl’dl. 

t',:ll,,0„NBa, requires C^16-00; lta,-oM0 per cent 

I U-.vmgto the small quantity oi material available for combustion 
tl,. analytical v.alues are only approximate, but, t,',ken in coii- 
Jioe-tiou with the barium estimation, indicate that (he compound 
t tie structure : 

0 

VH-eH(4sJ^).y>{.C.HdMr ('H.,. 

0 Ba o 6-na--<,) 

^‘lucosidic; rueiboxyl group mmld bn 
<io\c( jj tile aikah, tile above product seems to have resulted 
nnimrities present ,u the glucoside used. .Similar vo.,;"”: 

; V ken obtained by Fischer in tlie hydrolysis of acetylated Lgarsi 

_ ■ > eht, ludicaung slow removal of the acetvl groups At. 

ii,..in;of«ilve,-c, I ■ 1 removed by 

converted Tutr^tf"’ described, 

■el-'tamed fr f f w '^>’‘’‘'™‘^'“ride. The same product w,as 
a'.'ctvlmtw,:, “'^7 7 F^Wiug's solution by dissolving tri- 

P'fb per ccut'oihvr’*'' “7“''^''"““^® aleohol containing 

^rom., ot hydrogen bromide, and keeping the solution in tlm 
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da,rk until the rotation became constant. The optical change?;,; 
complete in about twenty days, the product being converted 
the hydrochloride as described above. The method of slo^v hyri- 
lysis obviates the necessity to remove traces of reducing sngaj-; 
condensation with methyl alcohol. 

A ction of Xifrou^ dc?V/.--The reaction was carried out by shakin; 
an alcolK)lic or aciueous solution of the hydrobromide witli stv.; 
nitrite. In Ihe former case the evolution of nitrogen was k::;; 
and the decomposition of the amino-group imperfect, but in acjato- 
solution the reaction appeared to proceed normally. The isoiaibi 
of the product was carried out by the method adopted by PhtLe 
but ill each case it was found that the acetyl groups had btc 
partly removed, and that the syrup olitaincd reduced Peliling 
solution actively. iVttempts to convert the mixed products into : 
glucoside or into a deiinite hexose have so far been linsiicce??h; 
but the properties of the syrup differ from those of chitose, aii'i 
the reaction is being repeated. 

M ctli tirosani in e Ifyd rochlorid c. 

This compound, when prepared by the methods already dcsthiuc 
crystallises in needles nudling and decomposing at 18o Ih-. 
Analvsis of a specimen dried at 95'^ gave : 

Found, C-3C’]7 ; H -7-17 j Cl = 15-09; OMe- 12-57. 

Cy-IpO^N(0>Me).IICl requires C = 36-58; H-=7'02; Cl = 15'44; 

01\le = 13-51 per cent. 

Mdhyhjlurouimlnc hydmchhjridr is readily soluble in water c 
methyl alcohol, and behaves as a glucoside towards Feliling’s ^oiu- 
tiom Nitrogen is evolved on the addition of nitrous acid, an. 
ammonia is disengaged when the conipound is boiled with sodki: 
hydroxide, the liquid iLirning bro\vii, The compound appanat." 
exists in a- and /3-modilicatinns, as different preparations shov.-ed 
variation in melting point and specific rotation: 

^1. p. Is"'. Solvent: inetlivl alcohol, c— 2.181. [a]y/ - I'i-T ’ ; no liiiu li'.' r: 

„ 1S05 „ ,, ‘ „ C-2-I50. 

,, 1805 ,, Wider c = 3-BP2. ,, 

As our preparation may not be a pure stereocdiemical fornr 
above values are liable to subsequent correction. 

Hydrolysis of Methylyhicosaniine llydrochlondt. 

Comyltlt ifydrohjds hy Ilydroycn Chloride . — A 2-04 G per 
solution of the glucoside salt in concentrated hydrochloric acid in... 
heated in boiling water for fifteen minutes. The speciiic rotation 
altered from -17° to •; 52°, and the liquid turned brown. 
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Ijvjrr, lysis was then complete, as glucosamine hydrochloride in 
5 in-:;ai' concentration and similarly dissolved gives [aj^ +52° (Joe. 
r,. , TItc solvent was removed at 30° '15 mm., and the crystalline 
' J.iiie of cliicosainine hydrochloride purified as usual: 

I’ +04-4° — + 71 '7° Cl = 16-71 jier cent. 

Glucosamine hydrachloihle requires [a.]!,’ — > 72*5“ 

Cl = 1 f)'-l 4 per cent. 

oi DihUt Ifydrochlork Ar.uL — A To per cent, solution of 
iKiin-'L^lncosamine hydroclilgridc in water containing 5 per cent, of 
chlofidc was heated for two hours at 100°. The optical 
.].;nn'c then observed was [ajj^~18‘3° — ^ — 17*7°, The con- 
■‘{■niraiiuii of acid was then increased to 10 per cent., and the 
sivuuon heated for three hours in boiling water. During the 
incut with even the more dilute acid, the solution acquired a 
iLn-idi.;(J action upon T'cliling's solution, but with the higher con- 
XMiintiion of acid the optical change was only [aj^ -17'7° — ;^+ 7-3°, 
Diil fijiTiarentlv onlv 25 per cent, of the glucoside was hydro- 
.v.o'd. The product, isolated as usual, rcsembded the original 
ijiitcrial, melted indefinitely at 172°, reduced Fehling's solution 
;tnnii;lv. and i^ave --5° in methyl-alcoholic solution. Owing 
:o lack of inatcrial, we were unahle to confirm our idea that the 
’(tiiuiiis: action was due to the presence of a small quantity of 
[Itutoaiiiinc hydrochloride. The ready solubility of the product in 
lu'thvi alcohol IS not against this assumption, as it is possible to 
)l'iain a !• 892 per cent. s(dution of glucosamine hydrochloride in 
iiethvi a!{'(>hol. It is thus evident that the method of piuification 
iiiiljloycd. namely, solution in methyl alcohol and precipitation 
villi el her. would only give a pure product when carried out on a 
.ciilc siinicieiitly lai'ge to permit of fractional precipitation. 

The research i.s being continued on the lines indicated in this 
loaimuniciitioii. 

The authors take the opportunity of eNpvessing their indebtedness 
;o the Carnegie Trust for a grant in aid of the investigation, and 
)i expressing their appreciation of tlie courtesy sliown them hy 
fni’e.sor Emil Fischer. 

( ’•lEMICAL ih'SEAKCH L AEOKA I * ' KY. 

I. XITKD COLI.KCF, OF St. SaIV.M'OK AXD Sr. T.EUXAi:n, 

Univkusity of St. Andukw.';. 



262 


AUSTIN ; THE TNTEHACTION OF SILVER NITRATE 


XXXI . — Tite Idlerftdioii of Silver Nitr(iU> 

Po((/ssltii,i l^ersidi)]f/ite (md its Ccdvdytir idfr,.f 
ill (Itc OxidjifKHL (>/ Oiynitir Siibsfances. 

By Bkrcy CoJiLETT Austin. 

Whkn ;wjtit-oiiH siiliil ions of silver iiitrate and ])otassiuin pei’siil|j],;(t, 
;i!r ]nix<'d. a black pi'eripitate is formed, of wiiich no analysis Lv 
liitiicrlo lit'cii published. Tiiis subject- has already rm-ivet] 
attention by i\lai'>l];dl yOor. Soc. Eilin., 1900, 23, IGlli, aiitj 
bv .Marsliall and fiiglis 1902, 24, 88). Tlie assiunjhio]! was 

hiade that silver persulphate is first formed, and that this lapidj, 
<lccoii]poses witli watei' according to the equation: 

Ag.SA-t 21:1.0- Ag,0. + 2H,SO^. 

At the suggestion of Professor Inglis, I have inve.stigated tlh^ 
|(r(j(luct, and have also studied the catalytic effect produced l.v 
a-ddiiig a. trace of silver nitrate to aqueous solutions of potassiiui; 
persiil])hate in the pi’csencc of organic substances. A study of tl;e 
results obtained ))v careful analysis indicates the correctness of tl.f 
above assuin])tion. the black ])recipitate consisting of a mixture (-i 
silver ])eroxidc. silver ])crsulpliate. and water, in proportions 'wliicl; 
vniicd somewhat, according to the conditions under which it w;s 
prepared. Tlie appended results were all obtained from the Sfunt' 
s|j(cimei]. 

hi the ju'oparation of the precipitate foi' analysis, various pro- 
])ortions wan-e tried, the best results being obtained by using aboiu 
two molecules of potassium persulphate to one of silver iiiliati:. 
Owiiiu to the sparing .solubility of jiotassium persulphate in water, 
the solutions einyiloved wun'c necessarily very dilute. The diluti''!’ 
used was also sullicicnt to prevent the separation of silver suljiliaic. 
the presence of whicli was at one time susjiected. 

Ton grains of silver nitrate dissolved in 100 c.c. of distilled watf-i 
were added lo ii solution of 80 grams of potassium persulphate iii 
a lili'c of water, ai the oi'diitai y temperatnre, in a large separatic^ 
funnel, the mi.vture being tlioroiiglily shaken. The formation oi 
the black precipitate, although not immediate, quickly followeii, 
Owing to the dirlimlty of filtering such a solution, since the per- 
sulphate attack^ Idtei -jniper. it was kept for about an liour, bv 
wbicli lime tire Indk of tlic precipitate liad settled and coukl 
ilrawn od. Jt- was immediately sliakeii with distilled water, wasiiea 
three or four times by decantation, and finally filtered and waslievl 
again. It was then spread out on a watch-glass and dried m ^ 
vamuiin tU‘sic<-a( oi* ovt'c siil]jhin'ic acid. The drying was found tn 
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jUiro several days. The substance was indeed allowetl lo n niain 
. , for some weeks, when it was transferred to a stoppered woighini; 

and kept in a desiccator. Owing to its hygroscopic nature, 
, not be weighed on an open wat.ch-glas.s. The substance was 
;n I a lysed. 

iiraiiTig it' in a crucible gave unsatisfactorv results, since it 
,j, ,,.iKpnscs explosively at about llO'h and although several trial:-; 

made by heating it in covered cnicihles in the air-oven, there 
u,i.' always a loss by spirting. A qualitative examination of the 
losidne. which was soluble in nitric acid, showed the presence of a 
.vulpluitc. This might have been originally present as such or as 
The residue was also tested for nitrate by dissolvinr^ 
Milplniric acid and applying tlie ferrous sulphale test. No trace 
,.f HLtrate could be found. Eventually determinations were made 
(f ulvrr byconversion into silver chloride; of sulphur as sulphate; 
oi'il.c total oxygen oblaiiied by ignition, and of w^ater. 

Tm estimate the silver and sulphur, a weighed quantity was boiled 
dilute hydrochloric acid until no more chlorine was evolved 


Mill the whole of the black substance disappeared. The solution 
\Mo llieii found to contain sulphuric acid, which was precnpitatod 
aiifl weighed as barium sulphate after the silver chloride had been 
transferred to a Gooch crucible. That all the silver was thus con- 
verted to chloride was certain, since tlio same result was ohtaiticd 
iiv dmsolving the original snl)stance in diluie uilric acid, aaid then 
'iftliiig (i_\ diochloi U“ acid. 1 he latter metliod was, ln>we\'er, uiisuit-- 
a.tlo for the precipitation nf hariiim sulphate, \vlijeii then followed, 
;Va(er was determined hy weighing tlie original sniistance in a 
]>nrcela.iti boat and heating it in a current of dry air in a (‘ombiistion 
which was packed at each end witli ignited u^lie.sfos to prevent 
M"Utering. Tim water was collected and weighed in a U-tnhe 
‘‘(•ntaiiiing sulphuric acid. 


I ho estimation of the total oxygen expelled on lieating was 
cHiTiod out iti the following way. A weighed quantity of tlie 
siih.stance was mixed with dry sand, and heated in a Jcna-glass 
ipst-tiilic attached to a Toepler pump. As it decomposes explosively 
|"i I'cating, tlie test-tube was well packed with asbestos to ]>!;evcnV 
•'[►siting. Before heating, tTo air was exhausted, and after healing. 

prtal oxygen was drawn off and measured. Attempts were also 
|n'Ule to estimate the amount of ' available oxygen by treating 
uioivn quantities with potassium iodide solution and dilute sulplinric 
and titrating the liberated iodine with sodium tliio.<nJp}i;ite. 
results obtained were, however, very variable, and theie- 

ail" since the available oxygen did not react 

Tiaiititatively under these conditions ; 
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0-7477 gave O'7804 AgCl and O'lSOl BaSO^. Ag = 78'57 ; 

0-4970 „ 0-5179 AgCl „ 0-1203 BaSO^. Ag== 78-44; 30 ^^ 9 - 55 . 

0-4452 „ 0-4G82 AgCl „ 0-1067 BaSO^. Ag = 79-14 ; SO^ -^ 9 - 3 ?, 

0-2646 „ 0-2772 AgCl. Ag~-7&’So. 

0-2682 „ 0-0068 ILO. ILO-2-53. 

0-2080 .. LV65 6_. (dry) at IS’l^ and 764 mm, 0^10-25. 
0-2561 „ 19-27 i-.c. 0,. (dry) ,, 14-7° 770 mm. 0 = 10-31. 

5iea?i: Ag- 7S-75; SOjr.9-90; II,>0 = 2-53 ; total oxygen cx]:iiii(=t| 
by ijeat ^ 10-29 per cent. 

Interpretation of the 

It inav now be considered what light these results throw uprui 
the constitution of the substance. That it is an oxidising agent b 
shown bv its action on dilute hydrochloric acid, from which rlilonni; 
is liberated. Hcnec possible constituents are an oxide of silver, 
together with silver persulphate or silver sulphate. Kow^ one woul.l 
expect silver sulphate to remain unchanged on lieating; lienee the- 
total oxygen expelliul liy heat would l)e derived from the oxide of 
silver. Theoretically, 9'90 grams of SO^ require 22-23 grams of 
silver for t1ie formation of silver suipliate. Therefore we should 
have 56-52 grams of silver combined with 10-29 grams of oxygen ; 
expressed in jmreentages. this gives Ag^ 8 1'58; 0 — 15-40. Hence 
tlie atomic ratio obtained, namely, 1 : 1-228, is not a simple one. 
On the other hand, if silver persulphate be present, it would lose 
oxvgen on heating, giving .silver pyrosulphate, 

2 Ag.SA ^ 

Now, 9'90 grams of SO 4 require il'llo grams of silver to give 
21-015 grams of silver persulphate, which, on heating, would Ion* 
0-82 gram of oxyg-cn. Hence, 78-75 - 11-12 == 67-63 parts of silver 
combine with 10'29 - O'S'd = 9-47 parts of oxygen ; this gives Ag -- 877 
and 0 — 12'28 per cent., values which stand in the atomic ratio oi 
T06; 1, thus corresponding fairly well with the formula AgA)., 
Evidently the latter view is the more reasouahle, and accord? 
well with the assumption made by Marshall {loc. rif.). 

Under these conditions tJie results may he tabulated thus: 

5.. 0 .. : Ai'.A.O- I'biJig r 1 ie jin 1] [irodiict '-11 licatiiig 

11.. 0 2 ■ 

To til uxygvij ]() 29 

100 ti:'» 

AVc may therefore conclude that the specimen analysed contained 
approximately: AgoSo 03 - 21 ; AgoO^^TT; 1120 = 2-5 per cent. 
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A«7rrt<g as a Catalytic Aytnl in Oxidations 
with l^olassiuni F cr sulphate. 

I Oridatlon of Toluene. — The catalytic effect of silver nitrate is 
. -.- v jironounced in this case. Two parallel experiments were made 
. .V ,huilar conditions for the sake of comparison, using a trace 
o'ver nitrate in one ease only. In each experiment, 10 grams 
|i,iiassiuin persulphate (3 mols.) were dissolved in 120 c.c. of 
j'in-liilv warm distilled water. One gram of toluene (1 mol.) was 
■nich'd, in one case 5 c.c. of T/ 10-silver nitrate solution. (This 
' of water pi’ovcd to be insufficient to retain all the potassium 

pci-uilphate in solution on cooling.) The flasks were corked, w^ell 
■liaken, and allowed to remain. In lice one containing .silver nitrate, 
i];,- ]ic|iiid quickly became turbid, then yello^v; soon a yellow oil 
M'paratcd, On the following day this was extracted with ether. 
I'm evaporation of the ether, a yellow oil w’as obtained, which 
i-rdmcd silver nitrate, giving a mirror, and had the odour of 
licnzaldelivde. Benzoic acid was also formed and was extracted 
hv dnaking some of the ethereal solution with dilute sodium 
iiwlroxide. and acidifying. Crystals were obtained, which on re- 
irvsialllsalion from hot water melted at ii9 120'"^. 

Ill Uh; other experiment, neither turbidity nor colour was 
(.b^erved. and on extracting with ether at the same lime that the 
litsi was extracted, only unchanged lolucne was found. 

II. Oxidation of Thymol. 

W’liilc the above experiments were in progress, a paper by 
Hcddcvsnn and Boyd (Trans., 1010, 97, 1659) appeared, in which 
it vas stated that the o.xidation of thymol in alkaline solution by 
pnlassiuin persulphate led only to larrv products, the bulk of the 
uilisiaiice remaining unchanged, whereas hydrogen peroxide gave 
U'lra-liydroxycymene. This expei'uiumt was repeated with the per- 
'u!])ha-tP, oniittiiic; the alkali and adding a trace of silver nitrate. 
Fnitv c^vams of potassium persulphate were dissolved in two litres 
m' dightly warm watci’, and introduced into a llask with 20 grams 
liiidy powdered thymol and o c.c. of .V iO-silvcr nitrate. The 
inixturc was allowed to remain for several days with frequent 
dnikings. After a few hours, the solid turned brown. (Tn a 
pavailel experiment, without silver mi rate, no change was observed 
iMiiil after severa.i weeks.) 

After about a week the liquid was filtered off, the residue 
shaken with dilute sodium hydroxide and ether, and the layers 
^^ppirate:]. The alkaline solution was acidified, and the precipitate 
allowed to crystallise once from ether, in which it. v.as very soluble. 





SALWAV: THE OKIKKTATKlX (JF THE 


It ^-as then reerystallised two or three times from benzene, 
whicit it separated in needles melting at 162'’. This substance i, 
readily soluble in ether, ei.h}d acetate, acetone, or alcohol, butt..., 
in benzene. Anaivsis and a deterniinalion of its molecular weight hv 
the ebuHioscojjic metliod showe<l it tt> be dilhynio], a substance iir,, 
prepared bv Dianin (./. /.b/s.v (JIk jn. Sor., JSS2, 14, IH", 

(Foiiiid. C - - (Sir 1 1 ; IF O i'M. <) 'J034, in 9-(i of ether, gave K • (jTr;- 
yfW. --286, ('ale,. C^-dO'bo; 11=--^ 8' 72 per cent. M.W. TOS.i 

Tlic ethereal solntiotL of the portion i7isoluhlo in alkali v,;)-. 
evaporated. A biown solid remained, for which no crystal lid,!!, 
medium could be found. AUliough insoluble in cold aqueous 
sodium livdroxide, it dissolved partly on prolonged heating. To 
ensure a better efl'et I , it was dissolved in alcohol; sodium hydroxidf 
was llie.n added, and the mi.vture heated on the watcr-hfith [Vu: 
half an hour. Steam was then blown through to expel the alcolu.l, 
and the liquid was filtered. On acidifying the filtrate, a siusii 
quantity of dithymol xvas obtained. The residue was again treated 
in a similar manner until no more substance would dissolve in 
alkali. TIio remainder was a brown, amorphous powTler, which v< 
possibly a polymerisa.tion product. 

The use of silver nitrate as a catalyst in oxidations of organi'. 
sulxstanccs of various types is lieing further investigated. 

In conclusion, I desire to express ray thanks to Professor Inglis 
for liis kind interest in the work- 

rxivrr.srrv ( ‘niu rcr, 

Hi-AiUNf;. 


XX.NIl. — lh<' ( i<iii o/ tltr \ r jt rn 

iriyyistii'iio<’ Artih 
By Arthuk 11k nuy Sal way. 

Is a previou:' investigal ion (Trans., 1909, 95, 1160) i( wa.s sliruvn 
Unit rnyristiciiiic acid is cemverted by the action of cold concentraied 
nitric acid into a. mixture of o-iiitro 1 rmthoxy-2 : 3 niethylenedioKy 
benzene and nitrornyristicinic acid. Tlic position of the ritr'' 
group in the latter eompound was not delliutely established, then' 
being two possible formulae, as represented by I and II: 

NO, 


OMe 

n.) 


(Ole 
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I'ho present investigation was tlioreforo undertaken with the 
< f'l ascertaining which of these fonniila^ must he assigned to 
' ijtrojnvristicinic acid prepared in the above-mentioned reaction. 

' method emploj^ed consisted in tJto ('onversion of the nitro- 
of nitroniyrisHcinic acid into a carlioxylic group, when the 
i would he cotarnic acid (Vlj or an isottieride, a.ccf)rdirig a-s 
. .nn'iiiution of nitromyrist iciti ic arid is I'epicsenied l)y formula I 
jj This transformation was successfully accornplished accord 
■ (0 ilic series of reactions represented below, and the linal product 
i /' iJeiitiiied as cotarnic acid. Nitromynsticinic acid must 
,ron'ft>re possess the constitution I, and is G-nitro-o-methoxy- 
( .netliylenedioxybcnzoic acid: 


CO,,H 




OMe 

d.) 


0H,< 


;N0, 


cir,< 


' CO.jEt 


OMe 

(HI.) 


^CO.,Kt 

;0N 


CHKff,- 


OMe 

(IV.) 


VOJl 

COJl 


OMe 

(V.) 


OMe 

(VI.) 


Ti'c determination of the po.sition of the rutro-group in nitro- 
ns vi id ieinic acid establishes, in addition, the constitutions of nitro- 
invrislicinaldehyde (Joe. cif., p. 11.60), and of a series of synthetic 
products derived from the latter compound (Traii:>,, 1009, 95, 
Idlt). 


KxI’KKUMKNTVI.. 


Km the jjurposo of tJiis investigation it, was n('«T>s.a-j \- to prepaie 
-I rfnisidorable quaTitity of iiitromyristicinic acul. The jiietlmd 
alfcady dcscrilied for the preparation of thi.s ciunpound (Trans., 
iOo:). 95. ItGo) is unsatisfactory, since appro.xininl ely GU ]>(:r eefit. 
'■f tile myristicinic acid is convcitrd into 0 iiitro-l-metboxy- 
IV 6 iiiotliylenodioxyhcnzcno by eliminaiiiui irf ciubon dioxide, ft 
ii'Cn now been found, however, that i'v est m’iliealiou of tjie 
'Mviidicinic acid prior (<.> nitration tlie .'Cmiidary ciiange is entirely 
^ivnirled. 


TIunp fouipounds comprise: w-‘2 ilinitto-o-mmlioxy- 1 : ti mrdiyleiioiliovy- 
cvitii), ; 2-i!it!'o-()-ruetlioxy-4. : ri-miU hyleiiedf ixyeiiuiaiiiic* aciil : 2-amitK» 3-iiictho.vy- 
i wi-iiiefliyl(‘iK'(Uoxydnnamic acid ; 2-ket(.)-8-ini'th<>\y-(! ; T-rni-tliyleueLlinxy 1 : 2-di^ 
; 8 niotlio.\y-C : 7-methyleji''dio.xycarIio.slyiil niethyl ether ; 2-keto-S- 
• 7.iiiethy loiicdio \y • 1 • ^-diliydivquiiU'liDc and o.xy/^' rot amine. 
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Bthyl Nitromyruticinate {Ethyl ‘l-Eiiro-’^-meihoxy-i: 

dioxyhcmoati^), III, p. 267. 

Twenty grams of ctliyl myristicinate (b. p. 193°/20 mm.) 
added gradually at 0° to 200 c.c. of concentrated nitric acid 
(D 1'41). The mixture was kept in the cold for an hour, and thor 
poured into icc-watcr, when an oil wa.s precipitated, which gradiiailv 
solidified. Tliis was collected, washed free from nitric acid, a.iij 
purified by recrystal lisaiion from alcohol. The compound was linn 
obtained in stout, colourless prisms, melting at 82^: 

0'4019 required for saponification 15'05 c.c. 

Saponification value — 21 0‘1 . 

CJ1II11O7N requires saponification value ~208'6. 

Ethyl niirovvjrtdlvhiale is colourless wdien freslily prepared, but 
gradually becomes yellow on exjjosiire to light. When hydrolysed 
it vield a mononitromyristicinic acid, w’hich was proved to Ijo 
identical with the acid derived by the direct nitration of myristkinic 
acid. 

Ethyl Aminomyridicinafe {Eildjl 2-Amiuo-^metlioxy- 
4: Ij-mtthyh^iK'dlinyt^i'nzoaie), IV, p. 267. 

For the preparation of Ibis compound, one part of etlivl nitro 
mviisticiiiate was cautiously lieated with tin (one part) and an excess 
of concentrated liydrochloric acid. After the vigorous reaction 
had subsided and the nitro-estcr liad completely dissolved, the 
mixture was poured into a large volume of water, when the greater 
portion of the amino-ester was precipitated as an oil, wliicli .soon 
became solid. This was collected, washed, and purified by recrv.e 
iallisation from alcohol. A further quantity of the amino ester 
was obtained from the acid filtrate by rendering it alkaline and 
extracting with ether: 

OTllI gave (122.70 CO^ and O'OoIG HAb. C — 5.7’! ; H-7'h 
requires C — 75'2; H--5'4 per cent. 

Ethyl cniiinomyrisficinate crystallises from alcohol in colourless, 
prismatic needles, melting at 03^. Its ethereal solution possesses 
blue fluorescence. It is a very weak base, being prccipitaled fre-jn 
its solution in conc’entratcd liydrocblnrio acid liy the aclditioti of 
water. When jiydroiysed, it yields anunornyristiciiiic acid, wliicli 
crystallises from alcohol in long, slcndc]’, colourless needles, luchitig 
and decomposing at 200-’. Solutions of the latler substance also 
show a Idiie fluorescence : 

0T190 gave 0 2239 CCb and 0 0450 H.O. C = 7h3, H-4 7, 
C0H7O.X requires. C-71'2' H = 4'3 per cent. 



XITRO-QROUr N-ITHOMYRISTICIXIC ACID. 


269 


f-;, ,// rydKomi/nsluinate {FAhyl ^Cyano-i-melhoiy-i : b-meth ,,h . 

diiixi/hfnzoate), V, p 267 . 

Eilivl atiiitiomyristicinate was dissolved in rather more than two 
iiiolmilar proportions of liot sulphuric acid (10 per cent.), and the 
.olutioii cooled, with vigorous agitation. A solution of sodium 
,.,j,nte (1 mol.) was slowly added at 0 ° After some time the 
..jyfui'e was filtered to remove unchanged aminmeater. and the 
:ilir.ifo added in small portions to a hot solution of cuprous cvanide 
Tiie ini'duro was heated on the hoiling-water bath for an houV then' 
..oeied, and extracted with ether. The ethereal extract was iv'aslmd 
,,rst witli sodium hydro.x.de, which removed some resinous matter 
and tlien with water. On romovinrr the solvent, (ho residue soon 
.salidilied; it was purified hy erystallisation from alcohol, and thus 
oi^tiunod ill yellow prisms, at 111'^; 

ga.ve 0“2Gr,2 CO, and 0 - 0 o 34 H,> 0 , C^^oT’S ; jI-4-7 
Ci„H;0-i\' requires C- 57 ' 8 ; H = 4-4 per cent. 

^ m,,! c,,,u,omynAidnnU is readily soluble in benzene, cliloro- 
ituiii. or ether, Ini' only mocltnateh' so in cold alcohol ' When 
healed for a short time with aleoliolie potassium l.vdrovide it is 
.onverted into tymvunyvM.dnk and, which crv,dallire.s from .ih-oho] 
in pii-matic necdlei^, melting at 221'^. 


tatarnic AeiJ^ VI^ p, 

In order (o prepare eotarmc acid from etlivl evanomvi'islicinate 
In- lattei was lieated with an excess of alcoholic potassium’ 
ndH>.xide uutd amnio.ua ceased to I.e evolved. Atlcr removing 
he aleoho , tile alkaline liquid was acidified will, d.lutc j.vdrm 
h Hic acid, am then e.xtraeted with ether. T),e ethereal solution 
I Wed a eiysta hue rosidiie, which was reevyslallised from benzene 
ytaiuing a little methyl alcohol, it was thus obtained in colour- 

nil tdiidc which then melted at Uii)o ,,,.,,390 

h -ixOH lor neutimlisatiori. hI.\V. = 2-IO. (' H .0,.(C0 H 1 ' 

i’cqtiucs >IAV. -240). 

'md iTOnmim’s ''>0 conipnsiUon 

I . " ‘otainic aeirl. It.s idciuity was further confirmed 

• -;y-on into the metliylinnde of co.arnic acid. This was 
m -''Id hy disso vmg the cotarmc acid i„ an e.xcess of mcthvlamine 

-.jll 10 dc-r'''T' m the methvlainine 

Psskm ^ 2 tmder dnnniished pressure {compare 

dm l ie frra' 19 sl). The 

solidified at once, and on .•eerystalHsation from alcohol was 
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ol)tain{.'d in colourless ncecllcs. When heated in a eapiilarr jni.^ 
the niethyliniidc be,i!;a.n to cha,nge alioul 186'^, and completely nicliori 
at 199'"’ with partial volatilisation. (Found, C-^56’5; 11.. p; 
(’ale.. ofb'J; H per cent.') 

For pinprtscs of comparison, a sperimmi of the rtiethylimitj^i ,,j 
eotarnif acid was pi'quired hy i he oxidation of roiarnine (Fvcii,|,.j 
and Wulfl, /d/'., 1902, 35, ITOO). This product also ir, 

eliange at ah(ni(. lSly'\ ami molted completely at 190’^, 

.'ulTtiixl lire with the synthetic inetliylimidc produced no chanop 
the point of fusion. Freund and AVnlfl' * {/or. rif.) attribute to the 
mcliiylijiiidc of cotarnic acid a melting point of 205 — 206^, but 
])resenl aiitlior, as seen above, has not been able to confirm tlib 
observation. 

Till'. i: CilK.MICSl 1,’KslvUKH Ij\ KDICVO ifilKs, 

l.i'N'IinN', K,r. 


XXXUi. -7'/o’ Si/ii/licsi.'y iff ?)-fi-Ayni'iiocthyhyt‘{hii(\ 

Hy Arthi r Javks Ewins. 

A VKifV considcrahie amount nf inlei'cst has of late ccntrefl roiuid 
a immber nf aminos whieli mav bo considered to lu'lnng to a sppcial 
group in that they are rierived from the amino acids of pimtein:- 
I'V the removal of I'arbmi dinxiilc tloss of the carboxyl groi!|i]. 
Such bases arc often produced by the aclioii of jnitrefacijvi 
(H’ganisiris on the amino-acids. 

The earliest examples of this class of I)a.scs were discovered liv 
Hrioger in the ptomaines, pntrescino and cadaverine. Tlioir 
formation by the action of putrefaetive organisms on the correspomh 
ing ammo-acids was first established by FJiiiiger 1899. 32, 

3542). Since then amines derived from almost all the knowr 
amino-acids have been obiaiued either by putrefactive procossc' cr 
by chemical means. The ini crest altacliiiig to these bases lies iii 
the fact that certain of the more complex amines are possessed o* 
considerable physiological activity, and liave been tlic subject oi 
sevorHl recent communications (Barger and Walpole, J. 

1909, 38, 343; Dale and Dixon, •/. I^/iya.iol.y 1909, 39, 25; Acker 

^ Siiii-c wrhiiii;' il;(' above tfic anUior iias rceeived a jn-ivate en!titmiiii(Mii<»ri 
troiii Dr. M. Irtiiiid statiii;,' tliar, tlie mohiiig point prcvioirsly a.scrila'd tn tb- 
inrtb vlinsidc nl cotaruic aeid is iiicnrn-er. A specimf^ii of tliis substarioe kimlly 
by Im trcimd, to wlioin tlif niuiior de.siu^K to oxpres.s hi.g sincere thank.s, inebtHl at 
199' and was id<^mical with tlic coiupouitd de.«,cribed in this iiive.stigatinn. 
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v, rtu aiul Kutscher, Zeitsch. Biol, 1910, 54, 387; Barger and 
i)aie Ti-ans,, 1910, 97, 1^592; Dale and Laidlaw, ,7. Physiol, 1910, 
41. :dS3. 

()! tlo amino-acids known to occur in proteins for which the 
,,,.;(s])unding amine remained unknown, tryptophan is the most 
This ainino-acid was first isolated by Hopkins and Dole 
,./ / // i/.of*/., 1901-1902, 27. 418). and afterwards synthesised hv 
and Flainatid 1907, 40, 3029), The amine derivi'd 

;i,,EiL this amino-acid lias now been olitained lioih syntlietically and 
i,v the action of putrefactive bacteria on tryptoplmn itself (Kwins 
and l,aidlaw, Proc., 1910, 26, 34.3), and the method of synthesis 
i\,inis the subject of the preseut communication. (The action of 
jjutrefactive bacteria on tryptophan had previously been studied, 
tut the isolation of the base was achieved only when its syntliesis 
iiad levcaled the properties of the amine.) 

It was at first hoped that by heating tryptophan under v('ry 
^-((.■atlv dimiiuslied pressure, carbon dioxide might be split oil, as 
in tlie case of tyro.sinc. This experiment was carried out at 
Dr. U. Barger's suggestion but the only product tliat could be 
initiated from the sublimate was a very small quantity of unchangeil 
U’Ytitopliaii, The tnelhod employed by Wiudaus and Vogt (/oc. 
rit.] ill the synthesis of d-jS-aminoethylglyoxaline from jS-glvoxaUne- 
l-jiropionic acid derived from histidine cannot here be cmploveil. 
owing to tlio action of nitrous acid on the indole nucleus. 

The method ultimately adopted was a modification of Fischer’s 
method of svntliesising indole derivatives, in wliicli tlie phenyl- 
hydrazoiic of tlie suitable aldehyde is heated with zinc chloride. In 
lliis instance, tlie leqnisite aidelivde cannot be isolated in the fi’ee 
Uatc on account of the readiness with which condensation takes 
place with formation of cyclic compounds (Wohl and Schafer, Ber., 
1907). 38, 41,77), It was found, however, that the corresponding 
acetal ('/-amiiiobutyrylacetal) could be employed in place of the 
aldehyde, and that by heating with zinc chloride and pheuyl- 
hydraziiie, condensation was effected, ah'ohol and ammonia being 
eliminated, and a. good yield of the dosireil base thus obtained. The 
leaeiion may ho rcjiresenled thus: 


NH-Nlh, 


OHpOHpOUpNH 

CH(OEt). 


The picrate of the 


C-CHpCHplNll, 

\ /\/^^ 

NH 


+ KH,, + 2EiOH. 


base was found to lie ideiitl(‘al in all respects, 
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chemical and physiological, with that of the base obtained bv 
action of putrefaci ive bacteria on tryptophan. This fact, tLe 
method of formation, and the analytical results leave no doubt a, 
to the constitution of the base. As might be expected, the bjts,. 
gives the glvoxylic (Adamkiewicz) reaction described in detail bv 
Hopkins and Cole (/Vor. Roy. Soc., 1901, 68, 21) as a reaction iqv 
tryptophan. 'With brojiiinc, however, which with tryptophan givK 
a pink colour, no reaction is obtainable. 

As was expected, tlic base prtnuMl to be physiologically active. 
Dr. P. P. LaicUaw, who is undertaking its physiological exaniiuation, 
and ]3V whom a full account of its action will be communicated 
elsewhere, has found that among other effects it produces a rapid 
and marked rise of blood pressure. 


KxPKKiMEXTAL. 


3 - ji-A hiinosthyli udvle. 


OCH./C1L-NH,, 

II “ ^ 

/\ 

yii 


Four grams of y-arninobulyrylacelal (b. p. 104 — 106^/ 18 nini.i. 
obtained according to the method employed by Wohl and Scliator 
{Bcr., 1901, 34 , 1911), were heated to 180° for three hour.s with 
2’G grams of plienylhydrazuie and 3'6 grams of anhydrous zinc 
chloride in au open vessel. The product was dissolved in diliUe 
acetic acid, the solution extracted with ether, and the zinc removed 
from the acetic acid solution as sulphide. The filtrate was Itieii 
concentrated under diminisiied pressure to about 10 c.c. On cooling, 
a crystalline precipitate separated, which was collected. The crude 
hydrochloride tlius obtained was dissolved in a small quantity of 
water, and an cxce.ss of an arjueous solution of sodium hydroxide 
added. An oil separated which, on keeping, crystallised to a ffia?s 
of line needles. The base thus obtained was recrystallised from a 
mixture of alcohol and beuzene, and separated in long, colourless 
needles, melting at 143 14G°. Yield, 45 per cent, of the theoretical; 

O-MOO gave 0'3862 CO. an<l O'OGfiO ITd). C-75'2; H- TT. 

CjfjIli.Y.. requires C — 75‘0; TJ-7’5 per cent. 
d-B-Amtno(th>//i/)d>de i;s readily soluble in alcohol or acetone, and 
almost insoluble in water, ether, benzene, or chloroform. The base 
decomposes on heating under the ordinaiy pressure, yielding volatile 
products having an indole-likc odour, 

The free base (as well as its salts) gives the bluish-violet coloration 
with glyoxylic acid and concentrated sulphuric acid described by 
Hopkins and Cole [(oc. vU.) as a characteristic reaction of 
tryptophan. The reaction may be obtained with a solution ot one 
part of- the base in about 300,000 parts, With bromine, however, 
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.'oioration is obtained, the base differing in tliis respect from 
Ji'v]m>!)han, which gives a pink colour. 

S-^-A minoethijUndole Jlydrochloridc, 

Tlu' crude liydrochloride of 3-/3-arninoethylindole, obtained as 
.i Tilled above, was recrystallised from 95 per cent, alcohol by 
addition of ether. The salt was thus obtained in colourless, 
, 1,111 prisms, melting at 246^: 

il l 144 ga.ve O’iOoS -AgCl. C1 = 18'I. 

C,yHi 2 N 2 ,HCl requires Cl- 18‘1 per cent. 

Tiic hydrochloride is soluble in about 12 parts by weight of water 
■It IS", and very soluble in hot water, from which it may be 
iTcrvdallised- 

‘i-^^AminocthylinduU ricrute, Cj„n3.2hs2jCVH2(X02)j*0II. 

Tiiis salt, the most characteristic of the base, is readily obtained 
I'.v addition of a cold saturated aqueous solution of picj'io acid to a 
soiiitioii of the hydrochloride in w'ater. The mixture immediately 
Itccumcs turbid and orangc-red in colour, and dark rod crystals, 
(•oiisistiug of feni-likc aggregates of needles or prisms (very similar 
in foi'ni to that of ammonium chloride), rapidly separate. 'I'lie 
picrate is characterised by its general insolubility. It is almost 
iiuoluble iu water, very sparingly soluble in alcobol, ethyl acetate, 
(hbiioform, and most organic solvents except acetone, in wliich it 
L.-, readily soluble. 

For analysis, the salt was recryslallised from dilute acetone. The 
pure picrate melted and decomposed at 242 — 243^: 

OTllSG gave 0-2338 CO. and 0-01D2 lIoO. C = 49-6; n-3'9. 

C;n;Ii],i 07 X ,3 requires C = 49-3; 11 — o'So per cent. 

Z'^'Aininoctiiyhnddlt' yicroltuuiiv was piepared by adding ratlier 
more than one molecular projicrtion of picrolonic acid in dilute 
alcoholic solution to an aqueous .solution of tlie hydrochloride. On 
concern rating the mixture, a crystalline solid separated, which was 
readily recrystallised from hot water, and separated in bundles of 
>iiort, stout, deep chromc-vellow prisms, melting and decomposing 
at 231h 

The ht-nzayl derivative, obtained by the SchottemBaumann 
metiiod. or l)y heating the base with benzoic anhydride, is not 
readily obtained crystalline. It may bo cjyslailised by very slow 
evaporation of the alcoholic solution of the compound, or by very 
eartu'ul addition of light petroleum to its solution in dry ether or 
ethyl acetate, and is then obtained in stout prisms, melting at 
137—138®. 

1 iir Wiu.LCo.ME Pm sioi.txncAi, K. }■:,>< parch I.ARtUiATOUiP,'-. 

Hkk.nk Hill, S.H. 
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roloralioH is oblained, tlic base differing in this rospect from 
which gives a pink colour. 

fnhifieilujlhuJolc, H yArnchl/n-idv, 

TIic crude hydrochloride of 3-^-aminoelhylindole, obtained as 
above, was recry-stallised from 95 per cent, alcohol by 
^• n-ciul addition of ether. The salt was tlius obtained in colourless, 
tiiiii prisms, melting at 946^^; 

,i-j441 gave OT058 AgCl. C1 = ]8'L 

requires Cl- LSI per cent. 

The Iiydrocliloride is soluble in about 12 parts by weight of water 
;n IS-^, and vcj-y soluble in liot wmter, from which it may be 

i \>lallised. 

ricrote, 

This salt, tlie most characteristic of the base, is readily obtained 
h.v addition of a cold saturated aqueous solution of picric add to a 
soiiuion of tlie hydrocbloride in water. The mixture immediately 
|,('(.uHics turbid and orange-red in colour, and dark red crvstals, 
(Minislitig of fern-like aggregates of needles or prisms (very similar 
jii form to that of ammoniuiu chloride), rapidlv separate. The 
iticraic is charaeteri.sed by its general insolubility. It is almost 
imoluble. in water, very sparingly soluble in alcoliol, ethyl acetate, 
cliloroioriii, and most organic solvents except acetone, in which it 
i; readily soluble. 

For analysis, the salt was rccrystallised from dilute acetone. The 
pure picrate melted and decomposed at 242 — 243^; 

U 1230 gave 0'233cS CO. and 0-0152 II.O. C^49-6; 11^3-9. 

acquires C = 49-3; 3-85 per cent, 

Mtnmthylmtiolc picrolonait was prepared by adding rather 
more than one molecular proportion of picrolonic acid in dilute 
alculiolic solunVm to an aqueous solution of the hydrochloride. On 
auiccni rating the mixture, a crystalline solid separated, which was 
I'cadily rccrystallised from hot water, and separated in bundles of 
diort, stout, deep dironic yellow prisms, melting and decomposing 

llic hviizoyl derivative, ohttfiincd liy the Scliottcn-Laiimann 
hictbod, or by beating the base willi lienzoic anhydride, is not 
I - adUy olilained (Tys:t:i.!!ine. It may lie crystallised by very slow 
cv;i.p()ralion of the a-lcoliolic soUdion of the compound, or by very 
('■Ucfid addition of light jutroUmm to its solution in dry ether or 
ethyl acetate, and is then obtained in stout prisms, mcltiiof at 
i:i7--138T 

Lir, \\ ri.Lc.cMK Pnv.smrome.M, JtKsrAUcii L.\[uiila roi;u;s, 

Hi'i’.Ni; ILi.r, S,K. 

YOL XCIX. ' “ IT 
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XXXIV . — The Cohui' and Constitution of Brorahyi 
Solutions. 

By Alfred Francis Joseph and James Nadoris Jinendradasa 

If a soluble bromide is added to bromine water, tlie colour of tbe 
soliilioii is greatly diminislied, the effect depending to some extent 
on the amount of bromide added, and it waa thought that a 
quantitative examination of such colour changes might afford 
additional evidence for the constitution of bromine solutions ^vl]icll 
has been adduced from the study of their other properties. The 
experiments of Worley (Trans., 1905, 87 , 1107) confirmed the views 
of previous workers, that a considerable part of the bromine was 
in the form of tribromidc, and he found values for the dissociation 
constant in the equation : 

^•(KBr 3 ) - (KBr) x (Brg) 

varying from 0 03 to O'OT, the variation being probably due to the 
presence of a portion of the bromine in the form of pentabromide. 

The experiments recorded in this paper have led to a similar 
result, and have been extended to sodium bromide and hydrohromic 
acid; the presence of the compounds NaBr 3 and HBr^ is similarlv 
to be inferred, the dissociation constants of these being practicallv 
tlie same as that of the compound KBr^. 

The method adopted consisted of finding the strengths of bromine 
and bromine-bromide solutions having the same intensity of colour. 

Experiments with tire colorimeter on bromine solutions are com- 
plicated by rapid loss of bromine from the surface when contained 
in an open vessel, and consequent lack of homogeneity of the liquid. 
It is essential that the liquid should be contained in a covered 
vessel wliich it completely fills, to enable concordant results to be 
obtained. 

In comparing colours of the solutions, it was thus difficult to use 
standard bromine solutions the depth of which could be varied at 
will, and it became necessary to work witli a third non-volatile 
substance, first with bromine water and then with hroniinc iu 
potassium bromide; in this way, a relation could be obtained 
between the two latter. 

A Duboscq colorimeter was used for the comparisons. In this 
instrument good diffused daylight reflected from a porcelain plate 
passes up through two vessels containing the liquids to be 
A hollow glass cylinder closed at both ends dips into the standard 
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liquid, and by moving thia up or down, the thickness of tho layer 
of liquid between the bottoms of the containing vessel and hollow 
cylinder can be varied and read ofT on a scale. The two beams of 
[l:\it, after passing through the liquids, are reflected by prisms 
so as to illuminate the two halves of the field of an cye-piece. 

Fin, 1. 



lie non-volatile substance used was potassium dichromate, which 
vas chosen on account of the ease with which standard solutions 
I'e prepared and kept, and because it can be well matclied against 
iroimne, ® 

^ Tlie standard solutions of dichromate used were iV/2, 

0. ^nd d ^10. These are optically equivalent, that is, 4 cm. of a 
/-solution are matched by 1 cm. of a 2iV-solutionj etc. 

U 2 
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Bromine and potassium dichromatc are not, however, optically 
equivalent. Their absorption spectra differ, that of the 
extending further into tlie red, and ending much less sharply than 
that of dichromate. Further, if two oblong vessels be filled wit], 
bromine and dichromatc respectively, so that the colours match 
when viewed through tiieir long dimensions, the bromine appears 
far lighter when viewed through their short dimensions. 

' It has been foiiiid that this does not affect the final result, the 
dichromato being only introduced at an intermediate stage hi order 
to effect comparison between the two bromine solutions, 

Tlie first part of the work consisted of comparing the colour of 
aqueous bromine of various strengths with potassium dicliromatc 
. solutions, and from the results constructing a calibration curve by 
plotting strengths of bromine as abscissae against cm. of A 10. 
dichromatc as ordinates. 


CaVhrafion Curve Shotrinf/ the BeUifwn hdvren the ^treiujil uj 
Bromine eonfmnrJ and the depth in nn. of ll^-J)iehioumfi 
equivalent in colour. 

The bromine was contained in a glass vessel about 2-7 cm. 
diameter and I'T cm. high, the top edge, being ground and covered 
by a clear glass disk. The volume of the vessel was found by 
weighing to be 9 ’5 c.c. 

The cell was filled with bromine water, and the colour niatclicd 
willi suitable dlchromate. It was then dropped into potassium 
iodide, and the liberated iodine titrated with standard thiosulpliaie. 
whereby the molecular concentration of the bromine solution \va= 
determined. 

Table I. 




Con 

dt'UV 

tion 

of CaJihra 

tion 6 

urvt. 









Colour 

Slandaitl 

l.i- 








of (li- 
cliroinale 

cliroiuatc 

used. 


Color 

meter 

readings. 


Moan. 

in 

cm. A710. 

iY/10 

iV/5 

MS, 

vm. 

1 '20, 
I'ld, 

1-20, 

M7, 

M3, 

l'l:3, 

M4, 

1 '18, 

M8 

M5 

M7 

I'ld 

M7* 

2*32 

Njft 


2-r.*, 

2 "2 5, 

2-18, 

2 '26, 

2 '21 

2 *23 

4*46 

N'l'l 



1'41, 

1-36, 

1'45, 

1 -49 

1 '44 

7 ’20 

J^7•2 

1 -60, 

rt>8, 

1'64, 

1 -m, 

1 '5.5, 

1-62 

1-63 

8*18 


1 'ilU, 

1'2S, 

1 -a'.', 

1-43, 

1 -40, 

1-4 6 

1-39 

13'9 

.V 

2T4, 

2-01, 

2-02, 

2'08, 

2-01, 

2-04 

2*05 

20 '5 

2N 

rns, 

1 '56, 

I'oO, 

TG7, 

1-55, 

1'50 

r56 

31 '2 

2A' 

i'7n, 

170, 

1-67, 

I'SO, 

1*75, 

1 -65 

1*72 

34 '4 

2,V 

2-10, 

2-11, 

2 '06, 

2'04, 

rtu), 

2‘18 

2 '09 

41*8 

2.V 

2-78, 

2 -St), 

2-83, 

2 '64, 

2*56, 

2 '81 

270 

54*0 


i‘cm el'll- 

tMtioii fif 
hrumiiif 
water. 
i'dVIi 
O'Olo 
O-02fil 
0 '032:5 
0'it3'l7 
0-04'.i4 
O'Ofdti 
0'0iiS9 
O'0?20 
O'07?8 
0-0?45 


* The mean multiplied hy ten tiiuea tlu 
of J\7f0'dicliromate. 


normality factor gives the coloiii iu 



constitution of bromine solutions. 


277 


Tlu' last two columns plotted give flic calibratimi curve shown 
in Fie. 1 (P- 

■■<an uj the S t rr.il oj Suhifhti>^ of Brominr hi ll’affr 
Boffh^sium. Bromlfh', horhnj ihr nauir colour. 

\ solution r>f bromine in potassium In'omiclc solution of the 
• • 1(1 strength was placed in the cell and matched against a 
'‘"r,hlc clichroma.tc solution. By means of the calibration curve, 
T 'trermth of bromine water having the same colour was read oh, 
dllus was taken as tlic colour of the bromine-bromide solution, 
r. mni of colour being that of aqueous bromine containing 1 gram- 
' lie litre. The concentration of the bromine in the 
!diaioimiucler examina-tion was deterrnnied as before with potassium 
iodide and standard thiosulphate. _ 

Onlv the mean of the colorimeter readings is given hcic, the 
•p.n-cement being of the same order h.s that shown hy the calibration 
Ihnucs. At least six readings were made lor each determination. 


Table II. 


Inflwenct of Potas^hnn Bromide, on, the Colour. 


Moleculat 
(Miipfutratioii 
(if patassiuni 
bromide. 
OT 
0-1 
0-1 
0‘1 
01 
0-4 
0-i 
0-4 
0-4 

0- 4 
0*4 
VO 

1- 0 
VO 
VO 
VO 
VO 
VO 
VO 


Standard 

dicbi'oinate 

used. 

A/10 

^/5 

A 72 

iV 

2N 

A75 

A 72 

A" 

N 

‘IX 

A75 

A 72 

'■IN 

'IN 

N 

2xV 

2xV 

2A^ 



Cal our ex ] tressed 

Bromine 

Jlean 

in strength ot l'>v.. 

concentration 

nloriiiiPtci’ 

(Iroiii the cidi- 

(from the. 

reading. 

hration curre). 

titration). 

1-83 

0-015 

0*0255 

V29 

0-018 

0-0305 

2 12 

0-040 

0-0<520 

1T)1 

0-018D 

0-0712 

V94 

0 075 

0-1071 

2 '58 

0-027 

0'0665 

I'lS 

0 029 

0-0708 

V09 

0 041 

0-0984 

1 -77 

0 053 

0-1239 

0 98 

0 050 

0-1305 

2-20 

0-0785 

0-1835 

V34 

0'018 

0-0547 

1 -Of) 

0-027 

0-0839 

0'4r> 

0-037 

0-1062 

I'lO 

0-0585 

0-lSll 

2-13 

0-0575 

0-1830 

1-57 

0-009 

0-2060 

2‘10 

0-0705 

0-2362 

•2-38 

0 0795 

0-2.'92 


The Iasi hvn columns arc plotted in Fig. 2. the colour of bromine 
water being shown as a straight line with efiual ordinates and 
aliscissae. 

A vertical line drawn across the diagram gives the colours nf 
solutions liaving the same bromine concentration, and tlie numbers 
.“•o obtained show the eGoct of increasing the concentration of the 
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potassium bromide on the colour of a bromine solution of 
strength. 

Thus, at line 1 , where concentration of bromine is 
0‘], when the cone, of KUr is O'l, 0'4-, I'O 
the colour is 0 07, 0’0415, 0'034, 


Fin, 2. 



and at line 2, where concentration of bromine is 

0 05, when the cone, of KBr is OT, 0*4, TO 
the colour is 0 032, 0*02, 0 016. 

These numbers indicate clearly that whilst the addition of a small 
quantity of bromide causes a very marked falling off in the intensity 
of the colour, continued addition produces far less effect, and after 
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concentration of potassium bromide has reached about 0’8, 
addition produces little change. 

V' further example, a solution of 0‘204 molecular proportion 
-1 "bromine in .Y-potassium bromide had a colour 0’065, whilst, in 
•' V-potassium bromide the colour was 0'062; doubling the con- 
'oni ration of the bromide ha^ thus little effect on the colour. 

Colour change in solution may be caused by increase or decrease 
of electrolytic dissociation or change in constitution (compare 
Sidgwick and Tizard, Trans., 1908, 93 , 187). 

Since Jakowkin 1897, 30 , 518) found that bromine water 

cannot be ionised to any considerable extent, the addition of a 
soluble bromide could hardly increase its dissociation. 

\ few experiments were made with the view of determining the 
olTcci of the addition of bromine on the conductivity of potassium 
broniido solutions, and it was found that at 25° the addition to 
(V 4 Y'potassiuni bromide of O' 2 gram-molecule of bromine per litre 
lowers its conductivity about 8 per cent., O' 2 gram-molecule per 
litre of the iion-clectrolyte sugar lowering it about 12 per cent. 
The lowering mav be due to viscosity changes, and is in harmony 
with the view that no great change in ionic concentration is caused 
hv I he addition of the bromine. 

The colour changes must therefore almost cerlainly be due to 
soitie change of constitution, the simplest of which would he the 
formation of the compound Kl^Cg.'^ 

Ill the simple treatment that follows, it is assumed that the limit 
(if colour change is reached in normal potassium bromide solution. 
It is fiirtlier assumed that potassium tribromide is the only additive 
compound the presence of which need be considered. 

If, then, after this concentration has been reached, further 
addition of potassium bromide produces no effect, the whole of the 
bromine must be in the combined state, and the colour of the 
solution in J-potassium bromide (within the limits of bromine 
cdticentraiion here dealt wdth) is due to potassium tribromide, and 
Dot to free bromine. 

(biisider a solution of bromine in pota.ssiuin bromide, the total 
I'l in cent ration of the dissolved bromine being a. Let its colour be 
^ . Fiirlher, let the colour of a solution of potassium trihromide 
(tliat is. bromine in d* -potassium bromide) of molecular concen- 
tration <i be Then, in the solution under discussion, the colour 
IS clue partly to free bromine (say, concentration /) and partly to 

The formation of Br’g ions would be attemled by diminution of conduotivity 
ID;; to tiieir probably hfiviiig lower mobility. Bray and .Mackay {J, .hner. CfienK 
1910, 32 , 919) have shown the diminution in conducUvity brought ab' ut by 
isso Ivina iodide a^iueous potassium iodide, and caused by the lowt-r mobility of 
• the I’j ion. 
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potassium trihromido (d- r). Now, iissnining that dcorcnue ij 
colour is ptopoi'lioiial to the ainoniit of ])otassiuiu tribronii,]. 
formed, then tbe coloiii- of a solution of a grarn-mol Br 

wlien coiic. of free Hi' is 0 is P 

? ) ) } ) I ? j ^ a 

„ M >j » a (that is, is a, 

so lliat proportionally 

a a~ P a(e P) 

= or , 1 ! — ’ 

X c ■■ P a~ P ‘ 

T!ie^ coiu'cnt ration of the free bromine lieing linis foutKl, pm, 
of the potassium trihromuh' is This, subtracted frcua tt,. 

total pota^ssium broinicle concent ration, gives the nueoinbiiiLrl 
potassium brojuicle. From tlicsc the dissociation eonstaut in tli.- 
equation : 

^■(KBr.;) r- Br.x (KBr) 
can then be calculated. 

The value of 1: is shown for the experiments of table U. Tlir 
immhers in the first three eoluinns are taken from table II. TIkkc 
in the fourth arc taken from the d'-pnlassiiim bromide curve in 
Fig. 2. 

Tabli: III. 


DUiodaf'ioH’ o/ Pota^dniw. Tvthromidc. 


Tctal 

cononi- 

intioi!, Total 
KHr. I'.r-^c 
OH O'O-Jj'. 

OT O'OJ'Jo 

0-1 0*0620 

OT 0-0712 

OT {iT071 

O'l 0-066r> 

' 0*4 0*07 Oi! 

0-4 0-0‘iSl 

0-4 OT-JT.) 

0-4 

QT OTsJr; 


Colour 

CiJour 
(•f Kih., 

solution of 

t rat ion 

= C. 

a -^r. 

0-015 

(CQI'TS 

0-018 

O-OOUo 

0-010 

OTHOS 

0-04 “u 

0-0:f2»5 

0 075 


0-027 

0 -021-2 

O'O'JO 

0 '02*25 

n-041 

0'OJJ2 

O-'TjJ 

O-OaJl 

0 -',1.' 0 

0-015.S 

0-U7>5 

0 0t)-28 


Kv.a- 

Kill-,, 

!’.r-- 

- <( - 

0-0101 

0-0151 

O-OI-JJ 

0 -01 8*2 

0 -0207 

0-n:i2:'> 

0-u:]70 

O-OJT] 

0-0.5 7 J 

0-040-2 

mOOS.') 

■e05S0 

Q-HtjOo 

0 ooie, 

H-oiir, 

Q-O.StlO 

0'Dl.->2 

0 1087 

0-0157 

0-1118 

0-02TJ 

0-1506 


Fnr KKri= 


t<»t;d Kill'- 


Ut ■■■ 


O-OMO 

I'-i .5' 

0-0818 

'.‘'055 

0-0':ii7 

ij-'j;'-.' 

0-0867 

(!-!u4 

O' 05 0.8 


0*3420 

O'd.'i'i 

0-3687 

p-05: 

11-3131 

t)-(|-rl 

0-2013 

0-011 

0-2S5- 

(l-up! 

0-2.104 

(j-034 


111 taking tlic cuU>lu’ of the potassium trihromidc soliUinii> 

Fig. 2, llie snuKitlmd curve lias not been used, liut car-li pfiir t'l 


consecutive ])Oints has been joined bv straight lines. The vaiucsef 
P obtained in this way are of the same order of magnitude aiui 
eoiistancy as tlio^s' obtained by Woidcv. tlie vaiiations liciiu;, b'em 
(lOo to U‘(i7. 


A large tnimber of determinations were made to set' wlit'tliri 
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•p-jiM f'iid livdo'goii bromides bebavecl ii» tlie s?uiio way, aiul from 
,! give'll in the next tables it will be seen that the results 
.juifo similar. 

Table IV. 

Dh^ochd UHl iU)iist<itti of HofJitrut T riiiroitntlv. 




;■ iii-'l 

, ’r..o! 

(‘elour 

of Nalli-.i 
sulutioii 

Lif coiuioii- 
L rati on 

Kl.r 

Xulli-ii 

Kri-c- 
NiiBi- - 
total 
Nallr- 


Nillt. 

Ill -II. 

-- ( . 

a = I\ 

IB -.A 

- a - .r. 

a .!•. 

/-. 

0-1 

o-nrmi 

0 -030 

0-0-20 

o-n2(;o 

0-0259 

0-07 n 

0-074 


O’Oi'isa 

o-om 

0 025.5 

0-0327 

0 0302 

0 0638 

0-065 


O-OSO'i 

0-055 

0 0295 

0-0102 

0-0403 

0-0.597 

0-060 

i-'l 

o-ino 

0-077 

0-010 

0 -0.5,80 

0-0530 

0-0470 

0-05-2 

ii! 

miji-27 

0-010 

0 0135 

0-OOU 

0-03S6 

0-3614 

0-03S 

irl 

0 07ii2 

0-03-2 

0-028 

(t-OOiJ:; 

0 -0699 

0-3301 

0-030 

IJ'I 

0 'OS lid 

0-03ti8 

0-0315 

0-0083 

0 0783 

0-3207 

0-034 

li-l 

Crl21-1 

0-053 

0-01-25 

0-0101 

0-1053 

0-2947 

0 015 

LI' I 

0-1720 

0-077 

o-ooo 

0 0-201 

0-1.159 

0-2511 

0-015 

M) 

0-0523 

C-013 

— 

— 





1 'll 

0-0047 

0-024 

- 

— 


_ 

_ 

TO 

0-1037 

0-0375 

— 






10 

0-1415 

0-049 

— 

— 






I'O 

0-1 ?24 

U-0635 

— 

_ 

— 



1 ■() 

0-2440 

0-07(; 


__ 

“ 

- 

~ 

'.illcfH- 

inlifin, 

Table 

KitL i -ondouf of 

Colour of 

1 1 111 '.; solntiou 
of ennccii- 

Total Colnur traliou 

V. 

11 ij<!roii( 

Frci; 

t) 'inhr 

Ullr, 

ou>oh\ 

Fri'f 11 Hr: 
Total MHv 


lll'.r. 

Br-i/. 

- c. 

e r. 

i;i’= ... 

- a - ',V. 

{a. - 


'I'l 

0-000 

0 030 

O-U-JO 

0-0-285 

0-0315 

0-03,8.5 

0-06-2 

(li 

O'Of'O 

0-062 

()-n3i 

0-0473 

0-0427 

0-0573 

0-064 

111 

0-0«35 

0 027 

0-(i2-2 

0 O0',»8 

0'0552 

0'344.S 

0-061 

0-1 

0-133 

0-0585 

0 046 

0 0191 

0 'll 39 

0'-2S61 

0-048 

1 •') 

0-0.12 

0015 





i'O 

0-070 

0 027 

_ 





10 

T(J 

0-107 

0-140 

0-037 

0-0.52 





- 

uo 0 ‘iss O-OliSf. 

It curves oxhibitiiu’; 11 

-C relation 

bet wee'll 

1 1 r om i n e cou cent ration 


and (‘oloiiv arc plotted, they are found to l)c almost coincident with 
tne eona'fiponcling ones tor potassium I’lromide, the values for h 
being likewise practically the same. 

Sounuin'ii. 

h I'l Mititdrs lighten (he rulmir of iUjiieons bromiin' sobiti(m, tlie 
depending on tlie amount of bromide added. The 
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results obtained with sodium, potassium, and hydrogen bromides 
are similar. 

2. After the concentration of the bromide has reached normal 
further addition produces little effect on the colour. It is therefore 
assumed that in such solutions practically the whole of the bromine 
is in the combined state. 

3. In bromide solutions of concentration less than normal, the 
colour is due partly to free and partly to combined bromine, the 
amounts of whicii can be calculated with the aid of the curves. 

4. Application of the law of mass-action to the results supports 
the view tliat the prineipal reaction causing the colour change is 
the formation of a tribromide, the dissociation constant of wdiich 
is about 0'05. 

Cevcon Medicae College, 

Coi.OMBO. 


XXXV . — Tlie (.Arndensalfoii of Aromatic Ahlehyih’s. 
irifh N itrometJiane. 

By Frederic George Percy Remfry. 

In the course of some experiments on the condensation of riitro- 
methane with aromatic aldehydes by means of alcoholic potassium 
hydroxide, it was found that the facility with which condensation 
took place was greatly affected by the character as well as the 
position of substituting groups in the benzene nucleus. An 
indication that such would be the case was given by the results 
obtained by previous investigators. Thus Posner 1S98. 31. 

656), using zinc chloride as condensing agent, was able to prepare 
<u nitrostyreiies from o- and w-nitrobenzaldeliydc, but not from the 
para-compound or other substituted benzaldehydes even when usini: 
different condensing agents. On the other hand, Thiele (Btr.. 
1899, 32, 1293), by the use of alcoholic potassium hydroxide, vas 
able to obtain, apparently in each case with ei^ual ease, w-o-, 
and (u-p-dinitrostyrene. It was deemed of interest to make an 
extended study of the condensation products of nitromethane uith 
various substituted benzaldehydes with the view of ascertaining, 
far as possible, the conditions which govern this reaction. ^ A laigc 
number of aromatic aldehydes were therefore treated with nitro- 
methane in the presence of alcoholic potassium hydroxide un er 
exactly similar conditions. The results obtained, however, do not 
admit, of any generalisation with regard to the condensation ot 
aromatic aldehydes with nitromethane, but have given some 
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i; nation of the elTecfc of certain groups in various positions; 
”n<.'malies have, however, been observed. 

* VoinniGiicing with nion (Substituted benzaldchydes, it was found 
1 It the hydroxyl groups in the ortho or nieta-])osition exercised 
, > inlluenee OP the course of the reaction, but that a para-hydroxyl 
' jou 1 either alone or in conjunction with other groups (except in 
instance), rendered condensation impossible. If, how^ever, the 
'ir i livdroxyl group is closed by such means as methylating 
Rosenniund, Bcr., 1909, 42 , 4780), acetylating, or benzoylating, 
lion condensation readily occurs. A free carboxy-group in the 
Koecule prevents condensation, as is seen in the cases of w- and 
ildclivdophenoxyacetic acids, but the esters of these two a<.-ids 
chave qnite difTercntly, and readily form nitrosty rones. />-Chloro- 
onzahlchyde, on the other hand, readily condenses with nitro- 
u'thane. Thiele {Joe. eit.) has already shown that the presence of 
sinude nitro-group in any position in tlie ring (o-, m-, or with 
cffard to the aldehyde group) has no effecl on the condensation, 
lilt, as will be proved later, the same cannot l)e said of the nitro- 
-roup when other substituents, wbicli by themselves have no 
nfluence on the coarse of the reaction, are introdneed as well. 

3-nil ro4-methoxybenzaldehydc and 3: 5-dinitr(>4-methoxy- 
>enzaldehyde, where one and two nitrogroiips respectively have 
)een introduced into jj-methoxybenzaldehyde, show a readiness to 
onn nitrostyrenes about equal to that of the parent substance. 
i-Xitrot-hydroxybenzaldchyde, however, having a free ^^-hydroxy- 
:nmp, follows the hydroxyl rule, and docs not condense. 

The one apparent exception to this rule is found in o-aldchydo- 
;alicylic acid, which readily combines wdth nitromethane. This 
'xeeptional reaction may be explained by the supposition that in 
solution a lactone is formed, and hence no free p-hydroxy-group is 
I'eally present. In support of this theory, it was found that if the 
.\irbf)xylic acid was esterified, no condensation took place, the 
formation of a lactone oeing then impossible, and the p-hydroxy- 
LToup being thus free tn exercise its obstructive effect. Similarly, 
3-aldehydosalicylic acid may be considered to form a lactone, seeing 
tliat condensation takes place; on esterification, however, no con- 
densation occurs. This was certainly unexpected, seeing that a 
free (/-hydroxy-group alone does not hinder condensation, and all 
cases in which a carboxylic ester lias been the only substituent in 
the molecule have proved amenable to condensation. 

The addition of a nitro-group to either of these aldehydo-acids 
prevents condensation, presumably by hindering the closing of the 
lactone ring, When two hydroxy-groups are present in tlie ortho- 
and meta-position, the aldehyde acts normaUy, that is, as if only 
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one were present, at- a time, and condensation readily takes 
Wlieu, however, one of the hydroxy-groups is in the para-positio]^’ 
no styrene is formed. This was found on trying to condense {W 
ea-rbonate of 3 ; 4-dihydroxYbcnzaldchydc with nitronietha],,, 
potassiiiin liydi'oside at once liberating the hydroxy-groups. 
(]Ua.ntita.tivo yield of protocatechualdehyde being obtained. 
the liydroxy-groups are bound, however, as in 3 : 4-methylenedinxv- 
benzaldchyde, condetisatinn readily takes place, as would be 
expf'cted. Wliile experimenting with nitrosalicylaldchydes, it 
found that the position of the nitro-groups was of importance, ior 
wliereas 3-niti'osaUcylaldchydc undoubtedly formed a nitrostvmu^ 
although in small quantities, the 5-nitro-compourid did not 
Additional evidence of the fact that 5-nitrosalicylaldehyde drx's not 
condense in the usual way with nitromethane is furnished hv 
Cla-vtou (Trans., 1910, 97, 1390), xvho oblained nitrostyri'iies bv 
the action of alkalis on certain derivatives of coumariu. Jn the 
ease of o: G-dinitroemunarin, however, the reaction proceeded in 
the following manner: 




0 


CO 
\/C-KO, 
CH 





'-lOH 


NO I 'OH'.CH-NOg 




no,,^/:ho + CH,-NO, 

In order to account for the prodnetion of o-nitrosalicylaldelivde. 
the inlcrmediato formation of w 5-dinitro-2-hydroxystyrcne nnistlte 
su])poscd, but no trace of it could actually be isolated. This evidence 
cannot, however, betaken as strong proof that d-nitrosalicylaldohyde 
will not under any conditions condense wnth nitromethane to form 
tlie desired uitrustyrene, seeing that Clayton treated the different 
coiimarius with boiling arpieous alkali hydroxide or ammonia, wliiht. 
in the experiments described in this paper, temperatures below lb 
were employed, and even then in some cases only a very small 
quantity of condensation product was obtained. It may, however, 
be assumed from Clayton's work that the presence of an alkyl 
group in any posiiion round lire ring has no effect whatever on the 
course of the reaction with nitromethane. Moreover, it has been 
found tJiat 1 aldehydo-jS-iiaplithnl condenses just as readily as 
salicylaldehyde. 

Experimental. 


Ill all the experiments (Icscribed in Ibis paper, the method ot 
procedure was ju'aclically identical, and, except iu llie matter or 
temperature, was similar to the method described by Kosciimund 
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1^00. 42 , 4780), Thiele, liowever, being Ihe first to make use 

.'ik-oholir potassium hydroxide as a <'ondeiLsi]ig agent in this 
reartioii (/hr., 1899,32, 1294), whereby lie prepared styrenes from 

ire. and p-nitrobenzaldehydc and terephtlialaldeliyde. A short 
account of the process in the first experiment will therefore serve 
ii.r all. 

One Mioleciilar quantity of the aldehyde was dissolved in sufficient 
abmliitc alcohol to prevent it crystallising out when the temperature 
of t lie solution was lowered to about - 5° by a freezing mixture. 
To this was added one and a-quarter mclccuhir quantities of nitro- 
iiietliatic. (Where a carboxyl or hydroxy! group is present in the 
niolccalc of the particular aldehyde to be condensed with nitro- 
iiictliane. one molecule of pc#.assium hydroxide is added to neutralise 
it and one to effect the condensation.) Two molecular proportions 
of .50 per cent, potassium hydroxide, dissolved in about ten volumes 
(if absolute alcohol, after being cooled below were slowly dropped 
from a tap funnel into tlic solution of the aldehyde, whidi was 
kept well stirred, and the tern perat are was not allowed to rise 
above 0^. As soon as all the alkali had been introduced, the 
alcoiiolic solution was diluted with an equal volume of water and 
reiidei'cd just acid by the addition of dilute livdrochloric acid. In 
many cases the required riitrostyrcne crystallised direct from this 
.xiliitioii, and was collected, washed with water, and recrystallised. 
If crystallisation did not take place, the excess of alcohol was 
removed, and the condensation product, as a rule, quickly separated 
from tlie aqueous liquor. Failing this, extraction with ether was 
iT'Orled to. 

For the sake of brevity and clearness, the compounds have been 
arranged in tabular form (p. 28C), no detailed description of each 
substance being necessary, except in a few cases, owing to the simi- 
larity of their properties and methods of preparation. Kxcepl where 
mentioned otlierwise, the colour of these compounds is of varying 
shades of yellow, All those aldehydes ivliich were found to condense 
with nitromethane to form nitrostyrcncs have been placed in 
fable I, whilst tlmse wdiicli did not are to be found in table II 


i3-3 : S-T }'} n > t ro-a-h yd ri^ c ?/-4- nt (• t // o.t y -a- lih c n fjJc f ]i <( n 

OMe-C,;}i.(NO.)yCB(OH)-C]l.,'Na. 

Ihi^s substance was obtained wiicn attempting to prepare 
Oil). ')-lTiiiiti'o-4-inethoxystyrene. The results of the analyses show 
fliat water had not split oh to form the expected styrene: 
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0'1278 gave 15'7 c.c. N., at 24° and 770 mm. N = 14-4. 

C H requires C = 37’6; II -3’ 14; N = 14*6 per cent. 

,, c = 40’l; Hr-2’6; N==15-6 „ ) 

Moreover, this substance is readily soluble in dilute alkali 
iivdroxicles, whereas nitrostyrenes are almost insoluble. 

Z-Xitro-b~(ihIvJiy<Ju&(ilu-yJic, A ckl. 

.VAldehvclosalicylic acid is dropped in small portions into a 
iji^sture ot a little more than the theoretical quantity of nitric acid 
iLi 1 42) and twelve times its weight of concentrated sulphuric 
acid kept at a temperature of between - 5° and - 10° by a freezing 
.nixtLire. After remaining at the ordinary temperature for two 
lioius- the solution is poured on to ice, the resulting solid collected, 
\c;i-du'd with a little ice-water, and crystallised from hot water. 
Fine vellow needles arc obtained, which give off water of crys- 
ijiilisation rapidly at 110°, and melt at 177°. For analysis, the 
^lll)^l^lllcc was dried at 100° : 

(J IjI.'I gave 9'4 c.c. N., at 21° and 771 iiun. N "7‘2. 

C^^sH-^gN requires N — G'G per cent. 

U'odGG lost 0‘0450 H^O at 110°. H,,0 — 7'67, 

requires HoO~7‘42 per cent. 

i8-d’d/'o-a-2 : h-trih iidro^ryyheniflctluuit. 

A.S nothing crystalline separated from tlie reaction mixture, tins 
w:i.s c.xtiacted with etlier, the ether dried and evaporated, when a 
dark oil wa.s left. After long keeping in an evacuated desiccator, 
Ihe oil gradually crystallised. The crystals were freed from 
adlicrent oil by pressing on porous plate, and dissolved in dilute 
.'ilcolioi, from which large, prismatic needles of a ruby colour 
crvstalli.sed out. On drying in the air, the colour changed to a 
brick red, and the crystals then melted at 182°. For analysis, they 
were dried, first at 100°, then at 110°: 

UT‘J72 gave 7‘7 c.c, No at 22° and 757 nun, N - 7‘(). 

C^HyO, 3 N requires N-'T'O per cent. 

The styrene of the above contains 7'7 per cent, of nitrogen, and 
fi'ojti the result of the analysis it was evident that tlie above alcohol 
bad been obtained instead. 

^ ‘)n<.Uf!.<atlon Product of Nltroniethunc and b-X tiroscdicylahlthyde. 

After having removed some of the alcohol which served as 
solsent during the condensation, the first crop of crystals proved 
be unchanged 5-nitrosalicylaldehyde. Subsequent crops were 
found to be mixtures, and, to effect a separation, they were each 
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in iurii dissolved in etlier, tlie solution slialoni with a eMmi-cntr;,,, ; 
solution or sodium iiydiogcn sulphite to remove uiicl,,,^.,.; 
aldehyde, then onec with water, and afterwards dried over ciilc;;,;., 
chloride/ On evaporating^ off the ether, an almost coloinlcsv 
stance remained. Tins was crystallised from glacial acetic 
from which were obtained pale straw-coloured, needlc->].ji,,, 
crystals, meltitig at 237--l>38-. The yield was very sraail. At:,: 
ilmng in an evacuated desiccator, the substance wai anaWi: 
(I'hillO <ni.ve 17'12 c.e. N. at 21° and 770 mm. N== IS'd. 

0-1234 U)'2 c.c. N., ,, 22° 76d mm. N-15'4. 

0'1268 0'2134 COo and ()’0382 IT)0. C — 4G’3; B =i-3'4?i 

i'e(iuircs C-4G-1; H--3‘2; K=^l:y4 per cent, 
(cjl(0-X.. „ C-45'7 ; H-2‘9; N = lo'3 ) 

The results of the aiialvses prove that the substance obtain^] w;.-. 
not the expected w-o-dinitro-2-hydroxystyrene, but a cojnjiMi!;.' 
having the empirical formula C:H|.P|No. 


Taule IL 


Ahhlt f/d ( ^ ii'ItK'h V'di < 

vv - 1 1 ( 1 1'< IX y b( ' 1 1 /u 1 4 1 1 y ( 1 ( ’ . 
yj-Aidehy4o[tlKiioxyafCtic ficiil, 
v/)-A hlehyilopliciioxy<H'(;tic acid. 
.‘{-Niti'd- t-hvilroxyt''m2;hdehyil(:'. 
KUul o-ahhliydobalicylatf. 

Tnr. tVcixcOMi; Cukmical tVni 
])AU'n’'.tHn, Ki.nt, 


''o)i<J(N.<r ii'ilJt A if rOiiKfhinit , 

! 5-Xitro-3-aldr.hYdo55alio.yli<- aciii. 

i Ktliyl ;>-altl(4iy<losalicylat.u. 

I 3-Xitro-5-ali.li‘hydosalicyli‘' uiAl. 

Jctliyl 3-iiil!0-r>-aMi4iy'h'''dify!y.', 
I rrafocatecliiialdeliydr. 


XXXVi.— 7V/C Lifri'actlou of Alloxan, and 

Bv William IIoldsworth UruTLEy and William Oin) Worn:-': 

Strkc-keii {Auiuilm, 18G2, 123. 363) was the first to exainim l. 
action of alloxan on aniinoacids. He found that on waniiiii. 
solution of alloxan witli a solution of leucine, '/voYalcvahicliydc ai; 
carbon dioxide were produced, and tliat alanine, wlicn trcaicu ] 
the same way. gave acelahhdiyde and earhon dioxide, whilst ^ 
gave no aldehyded' hut did give carbon dioxide; in all Ano' 
thc liquid assumed llic colour of murexidc. Xo quant itic- <- 
given 'in Strecker's paper, and he identitied his product^ 
qualitative tests only. 

Pilot)- and Finkli’ (.1 «//«/<-/,, I'JUl, 333, ‘id), in llu'iv I'.il''' ' 

*• Konnalihdiydf' \viit> fu'rtt obtaiupd by lluruiami lu 




Vu,. 3 . 
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thk interaction of alloxan and glycine. 

' c‘onstitutiou of murexidc, describe the interaction of alloxan 
P '^1 when concentrated solutions are mixed at 80®. In 

'*]' (.'c'ii'ouinstanees, the colour of murexide is produced, carbon 
(i^xide is evolved, and, on rapidly cooling, a crystalline product 
obtained wdiich has the colour of murexide; this product they 
ribe as glyeinc purpiirate. When, instead of cooling the 
jiiivtare, it was heated until the colour of the murexide had dis- 
jii, loai ed. an insoluble, amorphous substance was deposited, and the 
iiiolher liquor yielded a yellow, crystalline solid, which they describe 

g. nraniiloacetic acid : 

' C0<^g;C0>CH-NH-0H,-C0,H,H,0. 

pilotv and Finkh make no reference to the production of form- 
aKhtjyde. 

'Fbc apparently abnormal behaviour of glycine towards alloxan 
p-d us to repeat the earlier experiments. In the first place, we con- 
fii'Kifd the production of uovaleraldehyde from leucine and of 
aretaldehvde from alanine by preparing the y>nitropheuylhydrazones 
of these aldehydes ; we also tried the action of alloxan on a-amino- 
hiitvric acid, and were able to show that propaldehyde was produced, 
iwljuii we confirmed by an analysis of the p-nitrophenylhydrazone. 

Wlieii molecular proportions of alloxan and glycine were heated 
hi con ceil (rated solution, no formaldehyde was produced, but we 
lobumied the amorphous substance and the uramiloacetic acid of 
pilotv and Finkh. When solutions of glycine and alloxan were 
heated under the exact conditions stated by Piloty and Finkh, wc 
olilaiiiod the product they describe as glycine purpiirate, also 
flic ninorphous substance, and the compound they describe as 
iina.miloacetic acid. Under these conditions, no formaldehyde 
iappears to be liberated. Our analytical results for the glycine 
.]un‘|)ura{e .approximate to those of Piloty and Finkh; 

?. and F. 11. and tV. 

X -23‘$9 {dried at 115°) 241“ (air>dricd). 

X .21‘1(3 „ ,, 22 '47 (dried at 115°). 

On examiuing the substance- under a high power of the micro- 
scope, however, it appeared to be far from homogeneous. Fig, 1 
sliow.s a typical preparation. It wilt be seen to contain (a) torpedo- 
sliiiped crystals, brown by transmitted and green by reflected light; 
{■>) pink, rectangular crystal::, showing light crosses; (c) red, 
sunorplious matter. We prepared the substance six times, always 
'ivitli tile like result, and ive cannot believe that Piloty and Finklfis 
glycine purpiirate is a definite substance. 

'•Mum molecular proportions of alloxan and glycine in dilute 
solution are distilled, formaldehyde is easily recognised in the 
VOL. ACI.X. X 
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distillate, the yield being about 7 ’5 per cent, of the theoretic. - 
This low yield of formaldehyde is accounted for below, 
these conditions, Piloty and Finkh’s amorphous substance is 
obtained. The liquid, which becomes purple soon after niisin! 
loses its purple colour and turns yellow, crystals of a substance 
closely related to uramil (the torpedo-shaped crystals referred u. 
above) being deposited. The hltrate from these deposits cTvsta\ 

apparently identical with Piloty and Finkh’s uramiloacetie'acid 
If the acid mother liquor from the product is evaporated, a red 
gummy substance is obtained which does not contain oxalic acid 
but if the liquor is neutralised with ammonia and then evaporate] 
crystals of ammonium oxalate are deposited in coiisideralj’t 
quantity. 

The reaction between these substances evidently occurs at 
moderate dilutions in several distinct stages. To a certain exter 
the course of the reaction can be followed by removing drops of i’:> 
solution at intervals and allowing them to crystallise on a microscop 
slide. Under these conditions the first substance to appear i- 
murexidc, which separates in typical, prismatic crystals (Fig. 
This is formed even at the ordinary temperature, and its presence-; 
sufficient to account for the purple colour rapidly assumed bv ibe 
mixed solutions. On warming, the colour of murexide rapidiv 
vanishes, with evolution of carbon dioxide, but at 20° it persists fer 
some time, and in both cases crystals of another substance, distinc! 
from murexidc, make their a.ppearance. These are showm in Figs, o 
and 4. This compound is closely allied to uramil, and is readily cem- 
verted into this substance by repeatedly dissolving it in aqnec-in 
sodium hydroxide and precipitating it by hydrochloric acid. Ol 
analysis, it gives tignrcs agreeing well with the formula: 


On continuing to heat the liquid, it turns yellow, and, on boiling 
formaldehyde is evolved. At this stage another substance ii 
produced, namely, tlie uramiloacetic acid of Piloty and Finh 
(Figs. 5, 6, and 7). The results of our analyses of this well-ddn^d 
componnd agree with those of Piloty and Finkh, but wc arrive at tlif 
formula CyH^OyNj, whereas Piloty and Finkh assign to it it? 
formula Ci-FIgO^Ng. We believe it to be 2 : 4 : 6 : 2' ; 4^ : o': Q'-hepjO- 
hydroxy<>mtthylcntam:'ino‘i\ 5: 4': o^-ieirahydi'O'i: 

(It is referred to hereafter as the reducing substance.) 


CU'CHils’lCHg) 
NH — CO— AH 


>C(OH)-C(OH)< 


OH(OH)-CO 

NH-CO-NH 


or 


c(oh)*cH(N:ch2) 

N‘C(OH )====» 


>C(OH)-C(OH)< 


C1I(OH)-C*OII 

n:c(0H)-n 
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Pilofy and Finkh give it the constitution : 

Oar constitutional formula is ba.sed on the follorvin? reaction, f 

i, |,.,u,bstance: ( 1 ) When hydrolysed by boiling 
!s„iph«r.c .uad or sodium hydroxide, it gives fonualdehvde ’ (■> t 

j, as poAvortiil reducing properties- thus on ^ a'- 

d.hue solution of silver nitrate or lo’a dilut 1, r ? " 

[oliloridc, it gives in each case a colloidal solution of the‘2tll 

valves fonaaldehyde. (o) It is a distinctly 

[loses -immoirand 'caibordioxfder' 

CHyXU, 

CO— 6 + K H3. 

hvhiht the methylene group thus liberafprl no i 

Liioxaii to dia-luric acid ‘and is itself converted 

formaldehyde. Tim unchanged alloxan and 11 i 
alloxantm, u-hiob. with th^ 

[proof that the liquid contain^j all f- i Direct 

fi. ..a .h„™ ’.u z;:s. s: .r-'f - 

we have described as being closely related i * T 

P»Kluot. or the nramil derived from t 

asKl and fornialdeliyde to give the reducing Xirce"’“'‘ 

i™; 

h:*& 

[to II.C next loZ”awlydr!i!?d “''“n 'it'’ 

tins It appears er Uin Hnl ' tetrn,„ethyl„„,re-xide. From 

'db:r 

... 1 .... iri„i 

?liicosa.mine; all these rive ' 1 *°?"'”’ cystine, and on 

-- tyrosine a Zrfa/„ '“= ™ ‘I- 

h^«rs tlic skin .771 deeply 

P'l'is .and wiihler- we have t ^7''',"’ ‘ “'ootioned bv 

kflatni. and cMein, ' It L.s a“7i 7 (Witte's), 

"‘tli the first two but no 1 colour on warming 

'“:"“>.sliowthat'a,tarrn :ht7 "'f 

’’I'OU of the proteins LTf i olassili- 

rc may recall an observation 77 biodiemical interest 

Observation of Liebig to the effect that he found 

it 2 
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free alloxan in tlic jelly-like mucus obtained from a case of nitestina! 
cat a-rrli. The case with which considerable quantities of ammomun] 
oxalate are formed by the interaction of alloxan and glycine is ah„ 
of interest when it is remembered that there is some difficulty ij^ 
accounting for the endogenous oxalates of the urine. Lasily, 
interaction of alloxan and glucosamine follows the normal course, 
a pentose should be iormed from the glucosamine. 

'L'hc reaction promises to be one of considerable bicHheinif.. 
interest, and is Iming further studied from this point of view. On* 
of the products described in this paper is being examined as to in 
physiological action. 

Exfkimmental. 

Action of A Uo.am on a-Aininohutyric AcuL 

Twentv-foiir grams of alloxan dissolved in 50 c.c. of warm waft- 
were added to a solution of 10 grams of a-aminobutyric acid ii 
25 c.c. of warm water. The solution almost immediately lifcam 
purple-red, and, on heating, a brisk evolution of carbon dio.dd. 
occurred, and cr\'stals of murexidc separated. On distillation (b 
liquid became dull red, and a micro -crystalline deposit forniu]. 
whilst an odour of propaldchyde became perceptible. The distilbtv 
reduced ammoniacal silver nitrate, gave a resin with sodium 
liydroxidc,. and on treatment with ^Miitrophenylliydraziiie gave a 
yellow, crystalline hydrazone, melting at 120- 121°. (Fouiut 
X^22-00. Calc., N = 21'76 per cent.) 

The yield of aldcliyde in this reaction is illustrated by tli 
following figures; 2-2\u'ams of alloxan and VO grain of o-aiiiiito. 
hutyric acid gave O’GT gram of tlie ^-nitropheiiylhydrazone; thcorv 
requires VSl grams. Yield, 35'8 per cent. By using Uvicc tLr 
above quantity of alloxan, the yield of liydrazone was raised to 
52'4 per cent. 

Action of Alloxan on Clycine. 

A. In (Annex ntnifcd Sohdiony.- 2'9 Grams of alloxan (1 mol! 
and 1 gram of glyeine (1 mol.) in 20 c.c. of water rapidly ga.« a 
dee]) purple li<pud, and deposited a jmrplc solid. The liquid, am!' 
boiling for twenty minutes, gave 0‘6 gram of a brick-red souL 
Tlie filtrate from* this was brownish-yellow, and slowly depo^ito 
O’f) gram of orange crystals. The mother liquor from tjiese, 
treated witli alcohol, ga.ve a yellow, amorphous preeipitaic 
gram), and the mother liquor from this precipitate iw'no.d m 
when allowed to remain in the air, and on evaporation deposi c a 
brownish-red, amorphous substance, wliieh was not. 
brick-red solid was mostly uramil, but contained a ycllov\ sux-i 



the interaction or alloxan and (JLYCINE. 


soluble in alkalis, which, ou oxidation witli broiniiio 
l-iiei- Aud sodium hydroxide, gave an intense blue iliiorgsccnee 
jillini: that observed by Hartley (Trans., 1905, 87 , 1791) in tho 
pir'i'aration of murexidc from alloxantin by tlio action of ammonia 
‘,,1 if. The orange crystals were identical with a product which is 
luHv described later. The yellow, amorphous substance evolved 
animmiifi freely when boiled with sodium hydroxide; it docs not 
iippenr to contain the alloxan ring. 

}h 111- Dilute Solution . — A solution of d u grams of glycine and 
- 111 .' of 10 grains of alloxan (molecular proportions) were made up 
[(, 5(}0 c.c. It gradually became deep purple on healing, and after 
iiiimitcs very small, silky crystals separated in great numlier. 
'jhese crystals were torpedo-shaped, and w'illi them was a small 
jiiniitity of minute, needle-shaped crystals; tho weiglit of tliis 
was 1 gram. The filtrate, when evaporated to a smaller 
hulk on tlie wator-batli, deposited 1'5 grams of yellow crystals. On 
furilicr concentration, a red, gummy suljstance l eiriaincd permeated 
wiih yellow crystals. When this gummy substance was allowed to 
tvMiain in the air or in a vacuum desiccator, it swelled up, owing 
l<i a very slow and continuous disengagement of a gas; it was 
iifiongly acid, but contained no oxalic acid. On boiling witli 
anmimiia, however, it yielded ammonium oxalate. On treatment 
with nitric acid, it gave, amongst other products, crystals closely 
n '.cmhling those of carbamide nitrate. On boiling with sodium 
livdroxide, amirioiiia was evolved. 

When this experiment w^as repeated exactly as aliovc, except that 
after removal of the yellow crystals 45 c.c. of strong ammonia w’ero 
a<ided, a white precipitate of minute, felted needles (0-25 gram) 
was obtained, identical wdth the amide obtained from the yellow’ 
crystals which is referred to later. The filtrate from tlicsc, on 
L'va])oiation, deposited 4*95 grams of ammonium oxalate in colonr- 
lc>N shining needles. (Found, 17-92. Chile., N-^lT'oO per 
cent.) 

Besides the substance referred to above, carbon dioxide and 
f('i fnakk'liyde were given off when tlie sol ill ion was boiled. The 
former was estimated by making an experiment on 0'387 gram of 
eiycinc. working as above,, and it gave 0-236 CO.,, or 9G-7 per cent. 
01 tlie theoretical yield from the glycine; the latter wxas cstimaied by 
making an experiment on O' 5 11 gram of glycine, working as above, 
''hen 0 015 gram of formaldehyde was obtained, or 7-5 per cent, of 
the tlicorotical yield from the glychie. Tlie remaitidm- of the 
oimaldehyde split off from the glycine Is used up (^0 in reducing 
3 lo.vaii. (ty) in the production of tlic reducing sulistancc'. 

Wi WQ have already ])ointed out, when glycine and alloxan are 
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allowed to react in hot concentrated 'solutions, the preci])itafp 
obtained, namely, Piloty and Fiiikh's glycine purpurate, is not a 
homogeneous substance. When the reaction is performed in diluU- 
solution, the murexide remains in solution, and rapidly undergoD'; 
further change. It was isolated as follows : 10 c.c. of a 10 
cent, glycine solution (1 mol.) were mixed with 12'4 c.c. of ammonia 
(1 mol), and 20 c.c. of alloxan solution (2 mols.) were added. The 
mixture immediately became dark purple, and deposited 
crystals with a green reflex (O'So gram). The dried product wrs 
seen to consist of raurexidedike prisms mixed with about an equal 
amount of a red powder; a drop of the liquid allow^ed to crystallite 
under the microscope deposited typical murexide crystals and 
spherical aggregates of exceedingly minute crystals (Fig. 8). XhesL* 
two products were separated by sieving through copper gauze of IfKJ 
mesh, and analj^sed: 

0‘0969 (prisms) gave N* = 29'47. 

GT993 (spheres) gave N~29'51. 

CgHsOQNg requires N- 29-58 per cent. 

On repeating the last experiment, substituting an equivalent 
amount of sodium hydroxide for the ammonia, a deep purple liquid 
was obtained, winch deposited a dull red precipitate, consisting of 
sodium hydrogen purpuratc in the form of minute needles. (Found, 
N — 25’06; Ka = 7-98. Calc., K “24-22; Na~7-96 per cent.) 

The substance which immediately succeeds the murexide in the 
interaction of alloxan and glycine is best obtained by allowing the 
two snb.stances to react in molecular proportions at the orclinarv 
temperature in dilute solution. Thus, from 5 grams of alloxan. 
rS grams of glycine, and 250 c.c. of water, a pale pink precipitate 
of silky, torpedo-sliaped crystals appears after an hour: 

0-22,50 gave 0-2616 CO. and 0 0534 II.O. C- 32*56; H-2'64; 
N-27-66. 

C requires C =- 32-00 ; H = 2*67 ; N = 28*00 per cent. 
Uramil, €411^3X3 requires C = 33'57; H-S-o; N — 29*37 per cert. 

By dissolving in aqueous sodium hydroxide and reprccipitating 
hy liydrochloric acid half a dozen times, this substance gave pine 
nramil. It is always formed when alloxan acts on glycine, and lia:- 
always the same curious crystalline form. Wc think it is probably 
a definite substance of the above formula. The specimen of nrairii 
obtained from it was analysed. (Found, 0 = 33*37; H"3‘4n; 
N = 29*20. Calc., 0 = 33-57; TT = 3-5 ; N = 29'37 per cent.) 

The yellow crystals of the reducing substance, which we regard 

^ 0\vui;4 to the (litfunilly of oltaiuiug tie nitrogen free from iiiliie oxide in ll' 
ordinary Jiielliorl of enmbusition, the iiitrogeu w^s Jeternjined in all easiii I 
Kjehlahl’b method. 
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the most important product of the reaction, are best obtained as 
t'ollmvs: 10 grams of alloxan were dissolved in water and the 
HViution made up to 500 c.c., 175 grams of glycine were added, 
and the whole heated to boiling during fifteen minutes, and then 
boiled briskly for half an hour. After twelve hours, 0‘85 gram 
of crystals was collected. By concentrating the filtrate on the 
ivater-bath, successive crops of 0'4, 1'5, and O' 65 gram of the 
crystals (total, 3 '4 grams) were obtained. The whole yield was 
crystallised from hot water, taking care to avoid prolonged boiling, 
which brings about hydrolysis. If in this preparation the volume 
l< made up to 300 c.c. only, the crystals of reducing substance are 
mixed with tJie torpedo-shaped crystals described above, and the 
vif'ld is diminished. 

'2 : 1 ; G : 2^ : 4^ : 5^ : JI eiitahydroxy-^-methyleneamino-i : 5 : 4^ : 5''- 
tihuth}/(h'aA:i^-dij)ynmulyl forms very pale yellowy prisms with 
pointed ends, as shown in Fig. 7. It has no definite melting poiat, 
but becomes dark purple at 165^; at 250° it sinters, forming a 
wliitc sublimate, and there is no melting below 300°. It is sparingly 
soluble in the usual organic solvents, but dissolves readily in warm 
water ; 

01829 gave 0-2228 CO„ and 0'0645 H,0. C-33-20; H-3'91. 

0-lS03\, 0-2207 CO, 3 „ O'OGIO H.O. C = 33-38; H-379. 

O'flGb^, by Kieldahl’s method, ga.ve N = 22‘17. 
ll•22G2, „ „ „ „ N-2179. 

C,,H h 07 K-,H .20 requires C = 33'S5; H“4'07; N“21'94 per cent. 

Pilotv and Fiukh found for this substance C = 33*03; H:^3‘95; 
X-2102, Their formula, requires C~32‘88; H:=4'll; 

X v79'18 per cent, A solution of the comjmund in water gives with 
liydrocliloric acid a nearly white, crystalline precipitate; the 
crystals Jiave the same form, and show all tlie reactions of the 
original substance, and contain the same amount of nitrogen — an 
.uialysis gave 22*29 per cent. On boiling with water or with dilute 
sulphuric acid, formaldehyde is evolved ; an estimation of the 
aldehyde obtained in each case gave 50 per cent, of that required 
by llie formula assigned to the compound. The substance is readily 
soluble in sodium hydroxide, and on boiling the solution form- 
aldehyde and ammonia arc evolved ; this can only be the case if one 
or both of the rings arc opened. Piloty and Finkh's observation 
that alloxan is produced when the substance is treated with dilute 
nitric acid was confirmed, but it was also found that much form- 
aldehyde is obtained on warming. If the nitric acid is more 
concentrated, a. beautiful cherry-red liquid is produced. The most 
remarkable property of the substance is its strong reducing action ; 
thus it reduces Fehling’s solution in the cold; it forms colloidal 
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silver slowly from a- neutral solution of silver nitrate at the ordinaj.^. 
temperature; a dilute solution of gold chloride quickly yiel^ ^ 
colloidal gold solution, which is brownish-red by reflected aud hluf* 
by transmitted light. Mercuric chloride is reduced to merciiro;,.. 
chloride also in (he cold. It is readily oxidised by pota,ssiu„, 
permanganate, and yields well-defined products when treated uitii 
bromine water and with a solution of iodine in potassium iodide ■ 
these substances are at present under investigation. 

The aqueous solution, when treated with ammonia and boiled 
gave a silky, white precipitate, the liquid turning pink. The jm. 
cipiiate consisted of very minute needles, and it appears to b(.. 
amide of the reducing substance; 

0T193 ga.veO'I5o4 CO., and 0*0470 JIX). 0-30*12; II- 4-33. 
0-0633 ,, N -28*75. 

CnH|c,0,-N<^ requires C-36*0;, IT = 4*0; N - 28*0 per cent. 

CiiEM iCA L \ non ATonv, 

St. Oakiikii.omrw'h IIosfitaI;, E.C. 


XXXYII . — Diffcreiit MethofU of the CV/qm/Y 

Reaejent^. 

By Harold Davies, A.I.C., and Fhederic St.vnley Kippjxg. 

In all those very numerous reactions in wliich the magncsiiiiii 
alkyl or aryl compounds, discovered by Grignard, are cmpkwfd 
for synthetical purposes, the preparation of an ethereal solution 
of the reagent seems to be generally regarded as a necessary pre- 
liminary operation. In most cases this is a very easy task, Init the 
quantity of pure ether required is considerable, and, particularly 
in the casse of some of the aryl halides, the secondarv fonuaiir'ii 
of hydrocarbons nob only causes loss of material, but often a]?o 
very great inconvenience in the isolation of the coinpoiuul Hiidi 
is afterwards prepared. 

lu synthesising some of tlie alkyl deriva-lives of silicon rcceiitiy 
described, these disadvantages were overcome entirely, or to a very- 
great extent, by omitting the preliminary preparation of the 
magnesium compounds. Be nzyletliyl silicon dichloride, for exaiupk- 
was obtained by gradually adtling benzyl chloride lo ethylsiliccin 
trichloride in the presence' of m:igiiesium and ether (Luff and 
Kipping, 'Irans., 1908, 93, 2U0G), and the mono, di-, and tri-beiud 
derivatives of silicon tetrachloride "svere prepared in a simih^ 
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MiaiintT from benzyl chloride, magncf^ium, and an olhcrcal solution 
f,f tlio silicon compound (Martin and Kipping, Trans., 1909, 95, 
;;oG). 

[n order to ascertain wlietlier this modification of the usual 
metliod could bo advantageously applied in oilier cases, a few 
i>xperinienls have been made on the preparation of carbinols from 
aldehydes, ketones, and esters (Grignard, Com/pl. rc^nd., 1900, 130, 
The results have shown that in these reactions, also, the 
prcliiiiinary preparation of the magnesium compound is unpeccs- 
sfiiy, and that a good yield of the desired product is obtained by 
irradually adding a mixture of the alkyl or aryl lialogen compound 
With tlie aldehyde, ketone, or ester, to the tlicoretical quani.ify of 
iiiagncsium, which is covered with a little ctlicr. Tlie only instance 
in whicli this modi (led nicthod was fonnd to fail was in the case 
(Si at'ctonc; that the process is capable of very general ajiplicalion 
is shown by the fact that it may serve in tiie syntlicsis of coin- 
pouiuls, not only of carbon and of silicon, but also of tin, 

A direct comparison of the yields obtained by the two methods 
ill ji. given preparation has not been instituted (except in the case 
ot some silicon compounds, loc. cif.), and it may be that sometimes 
the one, sometimes the other, procediu'e will give the better results, 
according to the nature of the interacting substances. It seems, 
however, that unless such a comparison has been made in a par- 
ticular case, there is no reason for abandoning the method origiiiallv 
employed by Barbier rend., 1899, 128, 110) in favour of 

that which is now so generally or universally adopted. In some 
fippropriatc instances, in fact, the desired substance may be prepared 
with the aid of magnesium and the halogen derivative, even. when 
tlie corresponding Grignard compound cannot be obiaiiied; thus, 
Its Jaworsky lias recently showm {Bcr., 1909, 42, 435), many 
uiisaturated alcohols may bo prepared by treating ketones with 
niagnesiuni and allyl bromide or iodide in presence of ether, 
although magnesium allyl halides of the usual type are unknown. 

It need hardly be added that no claim is here made for the 
discovery of the method which has been studied, but it is lioped 
that I lie publication of this note will save time and trouble to 
iiiany who arc working with the Grignard reagents. 


Experimental. 

In preparing the carbinols by the modi lied method, the formation 
01 a very small quantit^y of the Grignard compound was first started 
the ilask containing the magnesium ami anlivdrons ether; a 
mixture consisting of the aldehyde, ketone, or ester with the halogen 
M>!npoiuid, and diluted with an equal volume of ether, was then 
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added gradually from a tap funnel, the mixture in the flask being 
vigorously stirred, and cooled if necessary. The products ^vere 
isolated in the usual manner. 

Most of the experiments concern the use of benzyl chloride, 
because the preparation of magnesium benzyl chloride is more 
troublesome than that of the majority of the Grignard reagents. 

rhifnf/h'thiilrarhliwl was prepared from benzaldehyde and ethyl 
bromide. The reaction proceeded without difficulty, and no 
secondary or decomiiosition products appeared to be formed; almost 
Iho whole of the crude product distilled constantly at 131— 132^ ■ 
50 min,, leaving very little residue; the yield of the carbinol was 
nearly theoretical. During the distillation the formation of water 
was not observed, and even when distilled under 750 mm. pressure, 
the carbinol boiled constantly at 210 211° without decomposing. 

Jirnzylmethi/letlit/lcarbinol %vas prepared from methyl ethyl kctoiie 
and benzyl chloride ; only small quantities were used, but the yield 
seemed to be satisfactory. On distillation under 747 mm. pressure, 
the carbinol decomposed, giving oil water, and boiling at 21o— 225^ 
It has been described by Konowaloff (J. Russ. Rhys, Chem. Soc.. 
1904, 36, 228). 

Tnethylcarhmol was obtained from diethyl ketone and ethyl 
bromide. During the preparation, colourless crystals, doubtless 
the additive compound, separated on the sides of the flask. The 
crude product distilled at 130— 140°/ 747 mm. without decom- 
posing, and the yield was at least 60 per cent, of the theoretical. 
It is described as an oil boiling at 140—142° under atmospheric 
pressure. 

Jienzyl'phenyluuthyl carbinol was prepared from magnesium (1| 
atoms), benzyl chloride (1|- mols,), and acetophenone (1 mol.) in 
dry ethereal solution. A gentle reaction set in, and continued until 
all the metal had disa]ipea.rcd. After the ether had been removed, 
the additive compound was decomposed with water, and the product 
was distilled under 30 mm. pressure; it did not boil at a constant 
temperature, but passed over from 170° to 200°, and appeared tn 
be a mixture of the carbinol and the unsaturated hydrocarbon 
(a-methylstilbene) derived from it. After several redistillatioiis, 
however, a large proportion of it solidified on being kept for sonit 
time, giving the desired carbinol, which was easily obtained in 
pure condition by recrystallisation from light petroleum. The 'oni- 
pound has been described bv Hell (Ber., 1904, 37 , 457). 

Bear.yfcfhylia’opylnirbinoi, CJI,-;CHpOEtPra*OH, was prepared 
by the interaction of ethyl propyl ketone and benzyl chloride, tie 
yield was only about 60 per cent, of the theoretical, since, besi es 
the carbinol, a rather large proportion of the unsaturated h) 
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derived from the carbinol by loss of water, was obtaiiied. 
The carbinol boils at 186^/90 mni., and .a sample of the pure 
cunpoimd gave, on analysis, the following results: 

01894 gave 0 5442 CO 2 and 01729 HoO. C-Sl’S; H-lO o. 

CjsHofiO requires 0 = 81*2; H = 10'4 per cent. 

Bcnzyldimethylcarbinol could not, be obtained by treating mag- 
nelinii with a mixture of acetone and benzyl chloride, for although 
acetone reacts vigorously with a pieparcd solution of a Grignard 
(‘(inipouTid, the presence of the ketone seems to retard or prevent 
llio formation of magnesium benzyl chloride. This preparation 
^vas attempted several times, using acetone which had been dried 
with calcium chloride during several days, and then distilled, and 
also samples which had been first treated with a small quantity of 
n solution of the Grignard compound and then decanted; only 
negative results were obtained. In oilier experiments the formation 
of tlie Grignard compound was first started by the addition of a 
little benzyl chloride, and then the mi.xlnre of acetone and benzyl 
chloride was added, drop by drop, to the magnesium, hut tlie 
vigorous action which was in jirogri^ss soon ceased after a small pro- 
portion of the acetone had been added, and could not be made 
to start again. In a similar manner, the addition of acetone to 
an ethereal solution of magnesium ethyl bromide, which is reacting 
vigorously with magnesium, soon brings the interact ion to a stand- 
still. 

rhenyldihentyharhinol was prepared from ethyl benzoate (1 mob) 
and benzyl chloride (2 mols.) in presence of magnesium, the 
reaction proceeding wdthout difficulty. The product was distilled 
under diminislied pressure, and the distillate readily solidified to 
a liard, pale yellow cake. On recrvstallisation from light petroleum, 
the carbinol "was obtained in colourless needles; tlie Yield was 60 
per cent, of the theoretical. The compound has been described by 
Klages [Ber., 1904, 37, 145G). An attempt was made to prej^are 
phenyl etliyl ketone by adding a mixture of ethyl benzoate (1 mol.) 
and etliyl bromide (1 mol.) to magnesium, but the product appeared 
h) be a mixture of unchanged ethyl benzoate and phcnyldiethyl- 
carbinol. 

DihnizijhthyJcarhinol.^ GEt(CH 2 'C(;ii.-,)TOH, was prepared from 
ethyl propionate and benzyl chloride in presence of magnesium and 
ether. When the ingredients liad been mixed, the solution was 
heated under a reflux* condenser for a short time, the ether was 
distilled off, and the residue heated at 100*^ during about tw'o hours, 
fhe product was isolatetl in the usual manner, and the yield was 
good ; 
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0‘1717 gave 0'5337 CO^ and 0 1308 II^O. C = 84’8; H~8’5. 

C17H20O requires C^85-0; H = 8-3 per cent 
lyihrnzylelhi/harhtiwl is a colourless, viscous liquid, boiling at 
193'^/ 12 nini. When cooled in a freezing mixture, it becomes; very 
viscous, but does not crystallise, and when boiled under atmospln ric 
pressure it decomposes slowly with elimination of water. 

DleilnjhAanuic Chloride, SnEtoCL. 

Hlaiuiic chloride (1 mol.) was treated with ethyl bromide (I nui) 
in presence of magnesium and etlier under the usual conditions 
with the intention of obtaining a monoalkyl derivative of tin. hm, 
a, eompound of this typo seemed not to be formed, or was produced 
in small quantities oiily. The principal product w^as diet hy 1st arnic 
chloride, svliicli has been described by Pfeiffer {Ba\, 1902, 35. 
3300), and which was ident ihed by its melting point as well as by 
aiialy'sis. 


a-Bromij-<xcL dUienztjlpropane, CEtBr(CH;^'C(5Hrj)2. 

Eor a purpose outside the scope of this investigation, experimoui.s 
were made on the preparation of a-bromo-aa-dibenzylpropane, and 
on the conversion of this compound into yy-dibenzyl-H-hexanc; 
as the former operation is successful only under particular con- 
ditions, the results are here recorded. Dibenzyletliylcarbinol (15 
grams) is dissolved in dry etlier (80 c.c.), and phosphorus tribromidc 
(35 grams) is added gradually to the solution ; the mixture, wliicli 
l)ccomes wnarm, is kept at the ordinary temperature for about twenty- 
four hours, then boiled under a reflux condenser for about an 
hour; finally the ether is distilled, and the residue is lieated at 
100*^ for about two hours. The iiroduct, when cold, is poured 011 
ice, the bromide is extracted with ether, and the extract is washed 
wdth sodium carbonate solution, which removes phosphorus com- 
pounds. From the crude preparation which is obtained by tlie 
evaporation of the eiliereal solution, the pure bromide is easily 
isolated by crystallisation from light _ petroleum. The yield is at 
least 85 per cent, of the theoretical. 

The combined bromine w’as estimated by boiling the sample witli 
an alcoholic solution of silver nitrate.: 

0-28(il gave O’lTfv) AgBr. Br-2G'i. 

C^flj.jBr ref|iures Br~2()'4 per cent. 
a.-BroniO'aa-dli^cnzidj>r<ii)<Tnr forms large, colourless prisms, and 
melts at 58 - oD'h It l apidly loses hydrogen bromide when it 
heated at about lCy\ and it cannot be distilled even under 13 mm. 
pressure. 
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Many unsuccessful attempts were made t-o prepare yy-dibenzyl- 
n-liexane. The bromide Avas treated with magnesium propyl 
bromide, and also with propyl bromide and magnesium in presence 
oi etlier, but in both cases the qualitative and quantitative analysis 
ot the product shoAved it to consist principally, if not entirely, of 
an niisaturatcd hydrocarbon. An ethereal solution of the broinide 
also heAted Avith propyl bromide and sodimn, but only the 
propyl bromide Avas attacked, and the a-bromo-aa-dibenzylpropane 
\vas recovered unchanged. 

The authors gratefully acknoAvledge the financial assistance for 
wliich they are indebted to the Government Grant Committee of 
tiie Royal Society. 

llMVeUSlTY Cci.l.EfiE, 

NoirjKCHAM. 


XXXA in . — The Picraminohenzoic Acids arid, (heir SaJfs. 

By James Codeington Ceockee, M.A., 13. Sc., and 
Frank Matthews, B.Sc. 

Some years ago, at the suggestion of Dr. G. S. Turpin, one of the 
antliors examined the interaction of the tliree aminobenzoic acids 
and picryl chloride in the presence of alkali. 

Wlien o^aminobcnzoic acid Avas treated in dilute alcoholic solution 
with the equivalent quantities of picryl chloride and sodium 
liydroxide, a scarlet, crystalline substance separated on cooling. 
On repealing tlie experiment in a solution containing less alcolioh 
golden yellow crystals separated on cooling. Analysis showed the 
latter substance to be free fibin .sodiuni, and the data agreed Avitli 
the formula for o-picraininobenzoie acid. The scarlet crystals con- 
tained sodium, and the substance avhs sIioavm to be an acid salt of 
the foiTiiula : 

^-'cH.(N 03 ) 3 -NH*C,HpC 0 ,Na.C,Jh>(X 0 .).pNH’CXHTC 0 JI. 
Similar results were obtained Avith w-aininobenzoic acid. In 
concentrated alcoholic solutions, tlie reaction gave a scarlet acitl 
sodium salt, the analysis of which Avas in accordance Avitli the 
above formula. In dilute alcoholic sohitions, /E-picraminobcnzoic 
acid was formed, and separated as a Huffy, yelloAV mass. With 
p-arriiiiobcnzoic acid, only one product Avas obtained at the time. 
From concentrated alcoholic .solutions, or solutions coiitainijig a 
moderate amount of Avatcr, the product of the reaction Avas 
picraminobenzoic acid, which separated in lustrous, yellow 
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leanets. The ease with which 'these salts are hydrolysed is remark, 
able. Merely crystallising from dilute alcohol is sufficient to 
hydrolyse them completely to the acids, which separate in a pure 
state from the solution. The salt of m-picraminobenzoic acid is 
more easily hydrolysed than that of the corresponding ortho-acid. 
The salts can be crystallised from alcohol containing a little waU-r, 
without change. . , 

At this stage of the work a paper by Wedekind {Btr,, 1900, 33. 
426) appeared, in which a brief account of the preparation and 
properties of the picraminobenzoic acids was given {loc. ciL, p. 43i). 
The alkali salts were stated to (TystaUisc well, and no further 
reference was made to them. The remarkable character of tliest^ 
salts appears to liavc been overlooked. 

The work described above was discontinued for some time, and 
lias been resumed recently. It has been found that the property 
of forming acid salts is characteristic of these three acids. 

The authors have prepared acid salts of sodium, potassiuni, 
ammouium, methylarnine, cthylaniiiic, aniline, and pyridine, derived 
from the o-acid ; and from the 7//-acid have obtained the correspond- 
ing^ salts of sodium, potassium, methylamine, ethylamine, and 
guanidine. 

The acid salts of polassium and methylamine with the p-ackl 
have also been ]ncpared. ^lost of these acid salts show in a more 
or less marked degree the property of being hydrolysed by water. 
Even in (.he cold, when shaken with excess of water, the salts arc 
gradually decomposed, with complete precipitation of the acid. 
These salts are not very soluble in water. On the oilier liaiid. 
some alkali salts of tlie normal type have been prepared, and they 
differ in character from the acid salts. They are readily soluble 
ill water, and undergo very Httle hydrolysis even when boiled iu 
acpieous solution. These salts are much more difficult to prepare 
than the acid salts. This property of forming acid salts would 
appear to be connected with the tendency of picryl derivatives to 
form additive compounds with substances the molecules of winch 
contain nuclei of the lienzene type. With this idea in view, llie 
molecular weights of the acids were determined in acetone sohitiou. 
The acids, however, were found to have simple unassociateci 
molecules, so that the complex anions which give rise to the acid 
salts apparent ly do not exist to any extent in solutions of the acids. 
In the presence of a base, however, a normal salt would proba ) 
be first formed, and the residual affinity of this would be greater 
than that of the acid, and thus would favour the formation of t e 
complex anion of the acid salt, 

The remarkable behaviour of these salts in the presence of wa 
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or dilute alcohol is to be ascribed mainly to the small solubility of 
the acids, and their very small affinity constants. The salts are 
thus easily attacked by water, and the acid is removed from the 
sphere of action by precipitation as soon as it is formed, so that in 
the presence of excess of water the hydrolysis jiroceeds to an end. 

When the salt is shaken with water in cpiantity insufficient for 
complete hydrolysis, a state of equilibrium is eventually attained. 
Ill the solution the salt will probably dissociate electrolytically 
and hydrolytically, according to the scheme : 

n„o + 

M + OH + 2HX 

MHXg ^ 

+ 

M + HX 2 — M + H + 2X 

Let Cj, Cj, C^., Ca, CoH be the molecular or ionic concentrations 
respectively of the simple anion, the complex anion, water, the free 
acid, and hydroxyl, in the solution. 

Also let CiL be the total ionic concentration of the cation of the 
salt in solution, and C/-the total concentration cT the acid radicle in 
the combined and free state, in the solution. Then, if K,,., K^, K 
are respectively the ionic product for water, the dissociation con- 
stant of the acid, and the hydrolysis constant ’’ of the salt, the 
state of equilibrium in the solution is defined by the following 
equations : 

(1 ) Cfl^Cou = KCt'Ciy. (4) C\, + C,j = + C,- 4- C^. 

(2) CuCoH - K,,. (5) C, = Cv, i- 2C/ + cv. 

(3) 

These equations give the necessary data for finding the con- 
centrations of the various ions and molecules in solution. It is 
clear at once from (1) that the concentration of the hydroxyl ions 
in solution should be constant whatever ilie quantity of salt 
originally taken, provided the water is not in excess. This fact 
\\as verified by a study of the hydrolysis of the acid potassiam 
salt of the o-acid in water at 25^. When equilibrium was 
attained, the constant concentration of the free alkali was found 
to be 4‘36xlO-‘^ gram-equivalents per c.c. It follows from 
equation (2), also, that the concentration of the hydrions is constant. 
Liking K ,5 to be 1-2x10““'^ at 2;W, this gave a value for 
Lu - 2 77 X gram-equivalents per c.c. 
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Experimental. 

Q-Vlcriuninoh en i o i c A cid . 

For the preparation of this and the isomeric acids, equivalent 
quantities of ,ncryl chloride (2-5 grams) and ^ (M 

trranis) were se^jarately dissolved in dilute alcohol (1 . 1), tlio liot 
solulion mixed, and a dilute alcoholic solution of sodium hydroxide 
m-S oram) stirred into the mixture. On cooling, the picrami,,,. 
derivative mvstallised out. Wedekind's method of using tivo 
molecular proportions of amino-acid to one of picryl chloride 
involves tlie loss of one molecule of the former, this being converted 

into the hydrochloride. . , , . 

o-Picraniinobenzoic acid crystallises from alcohol in minute, 
acicular crystals of a golden-yellow tint, melting at 270“ (Wedekind 
271—272°), which are sparingly soluble in water, moderately 
so in boiling alcohol or acetone, and practically insoluble in ether. 
The yield of the substance was 2'2 grams. (Found, X = lC-32. 
Calc.; N- 16-10 per cent.) • j 

The sohihilitv of the. acid in water ab 2o was determined : 

I 65 80 grams of solution, saturated at 25“ for six hours, gave 
0-0244 gram of acid. Solubility- 0-037 per 100 grams of sohitioii, 
' II. 35-40 grams of solution, saturated at 25“ for nine hours, gav 
0-0175 gram of acid. Solubility - 0-049 per 100 grams of .solution. 
-Mean solubility = 0-043 gram per 100 graius of solution. 

Ill absolute al<-ohol at 50“, two experimciits gave as Ihe incui 
result, 0-482 gram per 100 c.c. of solution. 


in-rirr(U}unoln:n:oic A c if L 

Tlie yield of this acid, from the (iiiaiitities given above, was 2 1 
grams On i-ecrvstallisalion from dilute alcohol, niimite. Irtht 
vcllow plates sep.^rated at first , but at a lower temperafnre a flufiy 
;„ass of fine needles was obtained. Hoth kinds of crystals ineltel 
sharply at 231“ (Wedekind gives 233- -234“). The si.hstance is 
readilv soliilile in acetic acid or acetone, moderately so in metu; 
and cthvl alcohols, sparingly so in water, and insoluble m etlm 
(Found," X- 16-113. Calc., N- lC-10 percent.) 

The solubilitv in alcohol at 50“ was detei-niiiied. 1 lie mtw 
result of I wo experiments wa.s 1-200 grams per 100 c.c. of soliilien- 


'p-/^}(‘rnfniiif)hrnz<)(C .1 cid> 

The yield of this acid, prtipared us al)Ovo, was -.0 giaiu- _ 
pure substance crystallises in pa-lo yellow, spangled ]t‘a\es, iia t 
at 285° (Wedekind gives 21)2 292°). 



the PICRAMINOBENZOTC acids and TIIEm SALTS. 305 


It is sparingly soluble in alcohol or acetone, readily so in glacial 
,^vtic acid, and practically insoluble in water or ether. It is 
ji^sulvcd 'by alkalis to a deep red solution. (Found, K^lG'iS. 

^ 113*10 per cent,) 

'['he solubility in alcohol at 50*^ w^as determined. The mean of 
iva> experiments gave 0'220 gram per 100 c.c. of solution. The 
nirleciilar weights of the three acids were determined in boiling 
iuitonc solution. 

}foUculur \Ve}(jht& of the ricyaminohtnzoic Acids. 

weight of acid. A = elevation of boiling point, 

['-.volume of solution in c.c. J/ = molecular w’eight. 

I 'f/i-Aciil, I ;>-Acii1. 


r. A. 

J/. 

u‘. V. 

A. JA 

U', 

V. A. 

J/. 


;]14 

1-188 12-0 

0'64" ;;4;i 

‘ O-lOBh 

15-0 0 -20'’ 

34ti 

jiO o-;)o 


,, 14-0 

O'ila 348 

! ,, 

2-2-0 O-l.-i 

314 


:]U 

„ 15-c 

17-0 

0-50 341 

0-48 ;J38 

j 

30-5 0-10 

310 





• 

1 M; 

;aii 

333-3 


Mean \ 


'I’lie calculated molecular weight for the simple uuassociated 
itidioculo is in each case 348. 

Acid Sodiitm oFicrauunohenzoate. 

For the preparation of this salt, 2 '5 grams of picryl chloride 
were dissolved in the least possible quantity of alcohol, and 1'4 
grams of anthranilic acid in dilute alcohol (3: 2). The solutions 
were mixed 'while hot, and a solution of 0‘S gram of sodium 
{‘arhoiiate in dilute alcohol was rapidly stirred in. The colour of 
the solution became dark red, and on cooling slightly, minute, 
scarlet, needle-shaped crystals separated out. Tlie yield wms 2*2 
gr;nii>. The substance w’as recrystallised from alcohol containing 
a little water. If dissolved in hot dilute alcohol (1 : 1), the acid 
.H'parates, on cooling, in golden-yello'w needles. The sub.stance is 
slowly hydrolysed to the acid when in contact \Yith cold water, 
dhe change is accelerated by shaking or beating. In the presence 
01 excess of water, the change is complete, but, in general, some 
:u' tlic .salt remains unchanged, and a state of equilibrium is set 
ii[) between the salt, acid, and the base in solution. The substance 
IS nuxlerately soluble in water, but sparingly so in alcohol. It is 
railmr more soluble in acetone than in alcoliol, and is insoluble in 
oenzene or ether. Excess of alkali easily dissolves the salt to a 
I-cp red solution, from wdiich the acid is precipitated on addition 
A dilute acid. The salt decomposes gradually at 140^, the crystals 
•>ccoining brown : 

VOL. XCIX. 
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0'3201 gave 0-0290 Na^SO^. Na-2'94. 

0-439S „ 0-0360 Na^S 04 . Na = 2-65. 

Co^fijOicN^Na requires Na = 3*20 per cent. 

The salt was also prepared from o-picraminohenzoic acin 
3*0 Grams of the acid were dissolved in boiling alcohol, and "a 
solution of 0'3 gram of sodium hydroxide in alcohol containur- ■' 
little water was stirred into it, A yield of 3 grams of the. sail wa- 
obtained on cooling. 


Acid I^ofnmuni o-Picraminohc'nzoate. 

Ifour grains of oqncraminobenzoic acid were dissolved in 
alcohol, and 3 c.c. ( = 0-6 gram KOH) of a 20 per cent, solution 
potassium hydroxide in dilute alcohol (2: 1) were stirred into th- 
solution. The salt was precipitated immediately, and was 
with alcohol and ether. The yield was S'O grams. The siibstar.n. 
consists of minute, glistening, scarlet crystals, which occur -'i 
elongated, six sided plates. It is moderately soluble in \viit(‘i-. a!,.i 
is hydrolysed by it slowly in the cold. On heating, the hvdrojv:-. 
is rapid, and in presence of excess of water is complete, inviiii; a 
yellow, powdery preOpitatc of the acid. Tt is sparingly soluble ;:i 
alcohol, and is partly hydrolysed by the hot solvent. In actt%t 
or methyl alcohol the substance is more soluble, but is 
hydrolysed a little. It is insoluble in benzene or ether. Wit; 
alkalis, deep red solutions are ol)tained, from which the acid > 
precipitated by dilute acids. As the salt explodes on licaliiu 
directly \\ith sulpiiuric acid, the analysis was effected by (rcatiii: 
the salt first witli hot water, and then with excess of dilute sulpluuu 
acid to precipitate the acid. The fill rate from tins was evaporaud 
and the residue was ignited and weighed in the usual iiiamiei: 

0-2546 gave O'OSOO K = 5-28. 

0-5209 ,, 0 0616 K.^SO^. K = 5'30, 

requires K-5-31 per cent. 

The method of preparation and purification described al) 0 ve ;; 
typical for many of tliese salts, and <n\eept wliere otherwise siatei 
is the method med. 

Acid A virnoniiim o-JAierdfitinobenzoaft'. 

3*5 Grams of o-pierarninobenzoic acid, treated with Q-II gi’nai 
of ammoni.a, gave 2'8 grams of the salt, 

The substance consists of radiating clusters of scarlet needle'- 
It is insoluble in ether, and sparingly soluble in ethyl and 
alcohols, but readily so in water, and is hydrolysed partly to d# , 
acid in the cold. Even alcoholic solutions gave, on 
evaporation, a mixture of acid ami .salt. The salt can, however, be 
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illumed unnlianged from alcohol containing a very littio 
For the analysis; a weighed quantity was Ireatocl with 
hut water, ami then the a-cid was precipitated by the addition of 
hvarochloric acid. After liltration, the solution was evaporated 
uidi platinum chloridc; and the estimation was then completed in 
ilie usual manner: 

,r;]r)20 gave 0-0840 (NH^)oPtClc and 0-0047 Pt. 

(l•.Lll9G „ 0-0980 (NHJ.PtCl^ ,, 0-0012 Pt. NH.^.POO. 
ajIjoOjcNg requires K}r^ = 2-52 per rent. 

Silver e^Pic ram ino h e n zoa t e. 

I’To Grams of the acid, treated with 0*9 gram of silver nitrate, 
;ravc 1 gram of the dark red salt. It is insoluble in water, alcoliol, 
(ii- erhor. For analysis, the salt \vas decomposed by dilute sulphuric 
:!(-L(l in excess. The precipitated acid was removed, and the silver 
wa.-i weighed as the sulphate ; 

(1-2874 gave 0-0947 Ag.SO^. Ag-- 22-81. 

(1-2i;;8s",, 0-0891 Ag",SO^. Ag = 22-9r). 

requires Ag-:23-GS per cent. 

Till' salt is tims one of the normal series. 


A vid Methylamni<}u 'nitn o-Pin-fu/iiradx’uzntitc. 

Tliree grams of the acid, treated in the usual ruauucr with U‘2 
cnniis of metliylaminc, gave 3 grams of the salt. 

The substance consists of iniuutc, yollowisli-rc'd needles, melting 
(leeonq){>siiig at 234— 23,r2 It is i>;n-tly soluble in water, and 
is liydrolysed by it readily to the acid, which is juveipitated as a 
yellow powder. It is sparingly solulile in methyl and ethyl alcohols, 
imd is insoluble in benciie or otlior. 

Willi potassium hydro.xidc, a deep red solution is obtained, from 
■'vhieh the incthylamine^ is not evolved so readily as from an 
^'liiivalenb solution of niethylaminc hydrochloride: 

<'19/8 gave 29-9 c.c. X. (moist) at IS-d-aud 7G0 mm. X:--17-4. 
<'■9171 „ 0-25.56 (XlI.,Me)..Pt(,4,. and 0-0127 Pt. Xlf.AIc. :4-02. 
t ^ 7 ! requires X-- 17-31; Xn.ji\Ic- I’OG per cent. 


Acid KthiiUiiinnoiilu m. <7hPicrt(mi{tidn nzonie. 

) Grams of o-picraniiiiobenzoic acid, treated in alcoholic solution 
volh u-34 gram of ethylamine, gave 2-5 grams of the salt. 

ilic (i-ystals arc short, dark red prisms, crystallising in compact, 
nniatmg clusters. They melt arid decompose at 242*^, and are 
J^oliUde m water, but are partly hydrolysed to the acid. Alkalis 
isso \c tlie salt to a deep red solution, but the ethylamine is not 

Y 2 
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liberated with tlic usual readiness on warming. In metbyl and 
ethyl alcohols the substance is sparingly soluble, and if such soluUons 
arc partly evaporated, a mixture of acid and salt separates. The 
substance is readily soluble in acetone with partial decomposiuon, 
and is insoluble in ether. Dilute acids instantly precipitate tlie 
acid from a solution of the salt : 

O'G418gave0'1700 (NH 3 Et),PtClo and 0-0194 Pt. NH,Et=-G'2:!, 
0-:uiS9' „ 0-1031 (NH^Etl.PtCl, „ 0-0053 Pt. NH.Et.-.yos, 
requires NHoEt = 6-07 per cent. 


.4 c id A nilin e oFlc ra mhiohenzoate. 

3-5 Grams of o-picraminobeuzoic acid were dissolved in tbe 
smallest possible quantity of cold aniline. After several days, a 
mass of reddish-yellow crystals separated. These crystals to 
washed repeatedly with alcohol and with ether in the cold. Tlio 
yield was 2 grams. The substance consists of reddish-yellow prism?, 
"crystallising in compact masses formed of radiating clnstcrs of 
crystals. It darkens just below the melting point, and melts and 
decomposes at 264— 265^. It is soluble in water, and is easily 
livdrolysed by it to the acid. Meth>4 and ethyl alcoliols dissolvo 
the substance sparingly; it is insoluble in ether, and readily bolu1)lt 
ill aniline or potassium hydroxide solution : 

0-3212 gave 0-0386 Pt. NH^Ph = 11-47. 

0-3538 „ U-0424 Pt. NI-Lrh-ir44. 

requires KIDPh — ll'TS per cent. 

Acid Pyridine o-Plcrcnninohenzoale, 

2-5 Grams of o-picraminohenzoic acid were dissolved in 2-2 gram? 
of pyridine. After several days, a mass of crystals had_ formed. 
The product was washed repeatedly with ether. The yield -^-as 
1-4 grams. The crystals are small, yellowish-red, compact, six-sided 
tables. On heating, the substance loses pyridine at about 140“. 
and the residue melts at 269*^ (pure acid 270°). The suhstauce 1? 
easily decomposed by water, and also by methyl and et liyl alcohol?, 
acetone, or amyl alcohol, giving the acid. It is insoluble in et ici, 
and has a slight odour of pyridine : 

0-2812 gave 0-03G4 Pt. Cyll^N^lO-GI. 

0-3238 „ 0-0410 Pt. C^H^N^IO-OO. 

requires C^n-N = 10*20 per cent. 

Acid Sodium m-Picraminohcnzoate, 

This salt was prepared as described above for the conespoBdia^ 
orthosalt. 2'5 Grams of picryl chloride, I'l gi’ams of /n-anuB 



TITS PICRAMIXOBENZOIC ACIDS AND THEIR SALTS. 309 


lienzoic acid, and 1*2 grams of sodium hydroxide yielding 2-1 grams 
oi the crude product. 

It coiisisls of scarlet, elongated plates, not so dark in colour as ilin 
ivtluvsalt. The crystals arc somewhat hygrosco])ic, and are easily 
livdrolvsed by water or by dilute alcohol to the corresponding acid. 
'/h.'V a'rc sparingly soluble in alcohol, and insoluble in ether: 

(V“’S7‘l gave 0*0262 !lsia = 2 9o. 

!i: 1703 ,, 0'035S Nas>S04. Na^S'lS. 

C. 2 cIIir,Ojc^ 8 ^a requires Na~3'20 per cent. 


^ 4 ctd Potassium m-Pi(:7Yimi}iohe}i:oate. 

12.“) Crams of picryl chloride and 0‘7 gra.m of w aminobcuzoic 
acid were separately dissolved in the least quantity of alcohol, and 
then a large excess of potassium acetate was stirred into the mixed 
idhitions. After some time, the product was removed and treated 
;is in previous cases. The yield was 1 gram. The substance 
L‘oiisbts of long, red needles, .sparingly soluble in methyl and ethvl 
alcohol?, insoluble in ether, soluble in water, and very easily 
livdrolvsed by it rn the acid. It cannot he recrystallised from the 
ii'iial solvents, owing to the precipitation of the acid with the salt : 

0-3370 gave 0-0412 KoSO^. K = 5-48. 

0-71G3',, 0-0872 K^SOi. K-5-33. 

requires Iv~-- r)'31 per cent. 


Potassi u in- m-Picra m i n oh enzoa f e. 


3-5 Grams of 7??-picraminohenzoic acid were dissolved in boiling 
alcohol, and 0*8 gram of potassium hydroxide dissolved in dilute 
alcohol was .stirred into the hot solution. After a short time, tlie 
reaction mixture was cooled in ice and salt lo —10^ and filtered. 
In a few days, crystals had separated from the fitrate, and these 
were collected and washed vdth alcohol and ether. The yield w-as 
I'll yi aras. The substance consists of brilliant pale vellow crvstals, 
ati(] it is sparingly soluble in alcohol and insoluble in ether, but 
readily so in water to an orange solution. Even after boiling tins 
solution, there is only tlie faintest indication of hydrolysis to the 
arid. 1 he acid is precipitated at once on the addition of dilute 
acid ; 


'‘•^o93 gave 0-1064 K.SO 4 . 
„ 0-1003 


K- 10-38, 

K--10-6G. 


Ci3H-OgX4K requires K — lO'lO per cent. 
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The A rid Ihyhinimoniiim m-Picnnmnohenzoates. 

2‘r) Grams of })icryl clilorido and 1*4 grams of w-aTninoV,v},;;,-,j^ 
acid \vcre separately dissolved in l^oiling alcohol. The solmj,,!,, 
were mixed, and 2 c.e. of a. 33 per cent, inethylamine solute,,, 
added. The solution was well cooled, filtered, and set aside. In 
few days two kinds of crystals had separated. The one kind 
dark red and transparent., the others were vcllowish-rcd a.nd 
These two salts were separated luechanically. Good separatien v.-tr. 
possible on account of the size of the clusters of crystals. 

The dark red crystals consisted of compact tables, crystalli-sin-^ 
radiating clnsters. The substance has no definite meltin:: poitc 
owing to decomposition on heating It is completely soluble in 
water to a dark red solution, sparingly soluble in akolail, 
insoluble, in ether. The yield was 1*4 grams. 

dim yellowish-red, opaque crystals also consisted of (.(itnii;!,- 
l:ih]('S, lint these melted fairly sharplv at. 1G4- 'Ififi^, with 
position. This salt is also completely soluble in liofc water ((• a v,; 
solution. It is sparingly soluble in alcohol, and insoluble in ctln;- 
The Yield was 0‘9 gram. Analysis slmwmd that both salts have- t!,r. 
same composition, and aro acid salts: 

A. Bark rod salt ; no defnite melting point. 

1‘3479 gave O'lOSl (NH,:^lc)-ahCl, and O'OOll Pt. KTTBlc - 
E. Opaque, ycllowish-rcd salt, melting at 1G4— 1GG°. 

O' 1494 gave rVl214 (XII.,:\Ic).PtCb and O'OOoG Pt. NB.AIc- 

CVIT.,| 0 ,,;X 3 recpiires XIT.^Me — 4'26 per cent. 

A rid ]:fhid('iwmo7uum m-riei'aminohejuoate. 

2‘5 Grams of picryl chloride, 1'4 grams of w-aminobenzoir anil, 
and 2'5 c.c. of 33 per cent, ctliylamine solution, treated as in tb 
previous case, yielded 3 grams of the salt, which was rccrysta-llhei 
from weak alcoholic ethyl amine. 

The substance crystallises in bright yellow plates, melting at 
'which are s]m.i'ingly soluble in alcohol to a red solution, 
insoluble in ether, and soluble in bot '^^^atcr to a dark red solution. 
When crystallised from pure alcohol, the salt is decomposed sliditiy: 
0-6135 gave 0'2()35 (Xn.,Pt).,PtCI<., and 0‘003G Pt. XlhEt-Gil 
0'344G \, Q'09o.! (XIlJjEthPtClo „ O’OlOo Pt. XH^Et-Gdi. 

C.vJI,>,p,(;X(^ requires KIBEt — G'OT per cent. 

Arid (ixanidinr m Pin-a^ninohciizoafr. 

3'.“i (trains of //opicvaminobeiizoir acid and 0‘G gram of giiniikl n; 
carbomue, treated l)y Dm usual method, gave 2’5 gnams of R" 
salt. 
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Tho substanre is soluble in hot ^vater to a dark red solution 
-vUlunit precipitation of the acid. It is sparingly soluble in alcohol, 
Pi.olublo in ether, and melts at 246=^ : 

' iKliiTG gave 0-1044 (CH,N,) JI.,PtClo and 0-0089 Ft. CH,N = 7-82. 

Coyll.-iOicNji requires CIT;,N = 7-81 per cent. 

Sotfi II m P'ib ' c ra m in o h t: nzott If. 

1 (Iranis of ^^picrann’nobcnzoic acid were dissolved in alcohol, 
to which 10 per cent, of acetone had been added. To the hot 
M.huion was added gradually IFO c.c. of a 5 per cent, solution of 
siidiuni livdroxido in dilute alcolicl. After some time, the crystals 
^vcr<' collected. The yield was 0 9 gram of a brownish-yellow 
;;urwtancc, which crystallises in minute needles. These settled out 
ill tufts on tlio sides of tho vessel. The substance is moderately 
in alcohol, and insoluble in ether. It is readily and com- 
pletely soluble in water witliout any precipitation of the acid. The 
acjucdus solution is of a dark red colour, and the acid is immediately 
precipitated from it on the addition of an acid: 

(i lin'IS gave C 0442 Na^SO.;. Xa~-o- 66 . 

0-1179 „ 0-0759 Naio,. Na-o'SS. 

C];H;O^X|Na requires Xa — ()- 2 l per cent. 

.1 fid rotasslnm 'p-rirrnminabrnzoalc. 

I'T.j Grams of p-jhcraininohenzoic acid, treated witli O'^l gram 
(U' potassium hydroxide in a 10 per cent, solution of acetono in 
alcohol, yielded O'O gram of the salt. 

The substance consists of buH-colonred needles, sparingly soluble 
hi alcohol, and insoluble in ether. It is moderately soluble in hot 
water to a dark red solution, and is partly hydrolysed to the acid: 
0-4024 gave 0-0485 KoSO^. IC-5-40. 

0-4314 „ 0-0512 K 08 O 4 . E: = 5'70. 

CbcHirPiyXgK requires lv = 5'31 per cent. 

A mmoniiim Tp-Picraniinohcn-oate. 

15 Grams of p-picraniinobenzoic acid, treated in boiling alcohol 
c.c.) with 2 c.c. of A’^-ammonia solution, yielded, on cooling, 
'>■7 gram of the salt. The substance crystallises in very dark red 
noodles. 

It becomes pale yellow’- on heating to 210^, and has no ■well-defined 
iiioltirig point, owing to decomposition on heating. It is sparingly 
soluble in alcohol, insoluble in ether, and completely soluble in 
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water to a dark red solution. Analysis sliowed tlie substaiicrto 
the normal salt : 


0*1490 gave 0‘0760 (I\H 4 ).'>PtCIe and 0’0025 Pt. Nil, 
0*2974 ,, 0-1705 (NH^')oPtClc „ 0-0020 Pt. 

requires per cent. 


.1 rid Mcihylamvionium Yi-rinriminohenzoafc. 

1*75 Grams of ^j-picraminobcuzoic acid were suspended in In 
of boiling alcoliob and O'lS gram of metliyiarnine in dilute 
wiis added. The acid dissolved, and in a few days long, slencKv 
reddish-golden coloured needles had separated. Tlie yield was 1- 
grams, and the crystals melted at 204^^. They are sparinglv sohili'i-. 
in alcohol, insoluble in ether, and readily soluble in Avarm water it, 
a dark red solution. Analysis sliowed the substance to he the add 
salt : 

0*3870 gave 0-1,345 (N]r3hIe)..PtCl^ and 0-0054 Pt. XH.Alc - i 

0-3764 0-0507 Pt. Nn.Me-4-44. 

requires NH^Afe — 4-26 per cent. 


Tlydrohf^i?^ of the Acid Pofen^siiiiri Salt of eyPicraminohenzoic -b'.O. 

The salt was stirred Avith Avatcr in a solubility apparatus at 4V 
for eight hours. Cave Avas taken that the AA'ater Avas not in caccs-. 
The residue, on analysis, was in each case found to contain unraiond 
salt. 

After eight hours, some of the solution was fdtered off at t.’.o 
temperaturc of the thermostat and removed for anah'sis. Tlic acid 
A\’as precipitated by a few drops of concentrated hydrochloric acid, 
collected, and dried, first at 100° and then at 150°. It Avas die!, 
weighed. The filtrate from this treatment was practically colour- 
less, showing that the precipitation of the acid Avas practicai’y 
coinplete. It Avas evaporated carefully Avith sulphuric acirl. fuid 
the potassium in it was estimated as IW3SO4. From the Aveights 01 
the acid and tlie potassium sulpliato, the total amounts of the ba.' 
and the acid radicle in solution aa-ci’c obtained. The coiieciitralioiis 
of the hydroxidions and hydrions were calculated from the forimils: 

(1) a,„=c,„-Ka-c„). o) o„ = 'i" 

iiii 

The following are the results obtained in tliree different expen* 
ments : 
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Tot 

Solubility of acid = 1-1144 x 10“^ equivalents per c.c. 
Ionic product for water, Ku, = 1*20 x lO-^^. 


K.,SO,. 

AcLi. 

C„, X lO'A 

tVxirri, 

C"” lOh 

Cm >:10' 

0-0166 

0 ’0,586 

6-566 

5'79-l 

4-291 

2-S(jO 

O'Ol 18 

0-0.')22 

6 -.55.5 

5-775 

4-290 

2-860 

0-0156 

0-0;V27 

6-725 


4-510 

2-6('>-2 


Moftti Vi’iliKs ,., .. 4‘3f'!;j 27" I 

It will be noted that the constant concentration of the alkali in 
elation is very small, and is, roughly, it'/ 250. 


Sii'm-manj. 

1. The picraminobcnzoic acids form a characteristic series of acid 
■^alts. containing two equivalents of the acid radicle to one 
C'[uivalcnt of the base. 

2, Tiiesc salts are only moderately soluble in water, and are 
"■cncrally easily hydrolysed, with preci])itaiion of the acid, leaving 
;ilka]i in solution. The hydrolysis is complete in presence of excess 
c>f water, and takes place slow'ly even in tlie cold. When the salt 
is in excess, a state of equilibrium is set up between the salt, acid, 
;i!L(l base in solution. 

.T '[’he normal salts obtained are readily soluble in water, and 
sliow little signs of hydrolysis even on boiling ^Yith water, 

•1. The picraminobcnzoic acids are sparingly soluble in water, 
luive very feeble acid properties, and are non associated in solution, 

( - II r >i 1 1 " A L 1 ) EP \ ir'i’ M y. x i' , 

S.W. roiAri-ciixio, CiiF-i-i^EA, S.-W. 


.XXXIX. — Chohstei'ul (nt'J Faflij .icids. 

By James Riddick Paetincton. 

I>i:nf:ke (Aiui. Cht^r.. Fharm., 18G3, 127 , 105) observed that 
cholesterol which had been crystallised from hot acetic acid '' differs 
Ji'om ordinary cholesterol.'’ Lindenmeyer (■/. q)r. VJh m., 1863, 90 , 
■hlb 331) states that he had been informed by Dr. Zalesky that 
cholesterol crystallises in thin needles from acetic acid, but in plates 
D'oin other solvents. He prepared crystals in this way, pressed tliem 
between filter-paper, and dried “ at the ordinary temperature.” 
Tbey melted at 110®, and in two cxperimeul-s the losses at 
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rJ0° 'were 1^3’7 and 13'7 per cent. The calculated lr|$s p,. 
CS II O.CJI 0.> was 13-9 per cent., and Lindenmeyer conchuled tluu 
the suhsiaucc was an cciuimolecular compound, the defect ]n t!i. 
loss bein^? put down to difficulties in removing the whole oi the 


acetic acid. 

Y. C. :\Toorc {Med. fV/ro/L, 1908, p. 


204) quotes the above (xiuyi. 


r, r violx. 



}\ r choh'sV'ful. 


inenls as evidcnco for tlio existence of a compound of oholcslwo a i 
acetic acid, and repeated some of the tests. The, evidence ^ 

(1) The diftorent melting iioints of pure cholesterol ai 

CO in pound.” ^ .Ucobo^' 

(2) The dnuigc of melting point after treating with wate . ‘ 

or alkalis. 
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(3) The change of crystaUiiie form after complete dissolution in 
alcohol, and crystallisation. 

Moore andC. P. White Chmn., 1908; J. rath, hart., 1908, 

13. o) then extended this conclusion (it appears to tho author 
xvithont any satisfactory experimental proof) to other fatty acids, 
as palmitic and stearic; tho latter author statiiig that 
■■ cliolestcrol has the remarhahle character of able to take np 

ui\[y acids to form loose combinations ^vl^ich are not the esters, 
I’lTsinnably in these combinations tlie acids exist as 'acids of 
er\otailisation.’ 

Since the evidence in the case of acetic acid is not conclusive, and 
in the cases of stearic and palmitic acids is Avanting, I decided, on 
iha suitgcstioii of Dr. A, J.apworth, to make further experiments on 
tlic matter. The first cases investigated were the mixtures of 
clnijosterol with palmitic, stearic, and oleie acids. 

Tlie method used was to determine Hie (emperatures at wliich 
tli(> llrst portion of solid separated from fnid mixtures of the two 
<'()in]ioncnts. If any definite solid compound is produced at tlu'so 
tcinporatures, the curve representing tempornture of separation as 
.a function of tho fractional molecmlar composition of tho mixturo 
will either oxliibit a inaxinmm witli two minima enrrcs])ondiim with 
the so-called eutectics, or mixtures of llio solid components, or else 
will show a sharp break in one brancli of tlie two systems of curves 
descending to a single enteetic point. If, on the confrarv, the 
substance separating is invarialdy one of (he pure components, and, 
at a single point, both pure components side bv side, the system 
will consist of two unbroken curves meeting eutectic point. 

The existence of solid solutions, that is, nf homogeneous crystals 
cniitaining both components in proportions which are continuous 
functions of the proportions existing in the fused mass, has not 
hccti suggested, and the work liero described has nut Luven any 
indication tliat this is to lie inferred. 


Exteuimextat.. 

Frcezing-‘po / n t h'.rjH'ri m ni t s. 

A pparaf inner tube of a Beckmann freezing-point 
apparatus was surrounded by a wide test-tube to serve as an air- 
jacket. Tho substances were w’eighcd directly into this tube, a.nd 
tused by careful heating with a ilaino. The cork, through which 
l^n>cd ;i. thermometer and a platinum stirrer, was then fitted on. the 
whole placed in tho air-jacket, and the temjieratnro at which solid 
'''■•van to separate was determined. 

Ill no experiment \vas tb.crc any indication of a llnid crystal 
P ase; the mixture remained perfectly clear until freezing corn- 
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raenced, when the separating substance was distinctly 
consist of small solid crystals dispersed through the still liquid 
iS^o moisture was at any time evolved, and the colour, even at 
high temperatures, was never darker than a pale amher-vello- 
indicating an absence of decomposition. 

Malrnafa . — The cliolesterol and the fatty acids were pxiro spp^,;. 
mens supplied by Ivahlbaiim. The oleic acid, which was 
colourless, was frozen out and kept on a porous tile in the ice-ctfi;^ 
for twelve hours. It was then allowed to melt in a vacuum 
desiccator over calcium chloride. The purified acid melted at Cvo-. 
higher melting points (14° according to Gottlieb, Ann{th 7 i. ifi.jr, 
57, 38) have been recorded, but there is no reason to believe that 
the sample used was impure. The cholesterol was dried by hoatui':^ 
in an air-oven to 110° for some time, and was kept in a desiccator 
The palmitic and stearic acids w'erc used directl 3 ^ 

The tables and accompanying curves show that, when 
liquid mixtures of cholesterol with palmitic, stearic, and oleic add? 
in any proportions, are cooled, the solids separating are invariahlv 
one of the pure components, or a mechanical mixture of both pure 
components. Within the whole range of concentrations and tcii!- 
peratures investigated, there is no evidence of the existence of a 
solid compound of cholesterol with any one of the acids. 

The experiments do not exclude the possibility that in .some 
cases solid compounds may exist at the ordinary temperature. \m 
no substance of this type has been detected. The existence of tlirsc. 
or of solid solutions, could be decided by an examination of th 
cooling curves over a large range of temperature. Solids of 
approximately constant composition may doubtless be obtained on 
cooling solutions of cholesterol and fatty acids saturated with both 
compoucuts, or by other means, but the conclusion that the nun^cs 
are ohcmical compounds requires stringent proof, which does not 
appear yet to liave been adduced. 


Taiu.e I. 

Puhnific A rid -f- Choh si rrol. 


iliiiilic acid, 

( 'I'.ok'stci'ol, Ml 

Icciilrs of : 

(id, 

]ivr rr-lit, 

inr ('cut. 

per cr-nt. 

Freezinti poiut 

100 0 

O'O 

100-0 

60 


10 '7 

88 '1 

.58 -.1 

Xj'O 

•iO'O 

8.r0 

57 '5 

T't-li 

■jti 

83 d 

57-0 

741) 

20 -0 

SI -1 


08x4 

;ni 

74-0 

61 '1 

64 -.a 

:3.v,o 

73-2 

65'0 

V 

Ss-O 

71'1 

73-25 

r-8'S 

41 '2 

05 ‘1 

82-5 
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Table I [cuntmitd). 
Palmitic Acid + Chdesferol. 


paliiiitif iit'i'h 

Cholcstcvol, 

.MoltTJSlcii of ntiilj 

Frci ziiiff juiiiit 

]i( r ci'iit. 

(.'eiit. 

per cent. 

{>0-0 

50' 0 

00 0 

94 ■() 

48 ••■i 

51 '.5 

.58 ■'> 

97-0 

mi 

.53 '9 

.5(1 '2 

loO'O 

43 'S 

5(>'2 

53 -it 

100 -.5 

4i-3 

f>7 7 

.52-5 

10:i'0 

4 IT* 

.5 8 A 

,51 '5 

10t)'0 

iiP'l 

(iO-'J 

4!f2 

10()'.5 

37 '9 


47-S> 

lor 0 


Second 

Series. 




50-0 

107-0 



40-8 

111-fl 



31 7 

124-0 



27-8 

127-0 



0 

147-0 


Table II. 



Stecu'ic Acid + Cholesterol 



JIlllcOAllcs 



ul’ L'liolcsterol, 

oi' acid, 


p«l' Cl' lit. 

per cv,iu. 


0 

lOO 

i'lS-y 

10 

!)0 

67-0 

20 

80 

Ot/'O 

lO 

00 

01-4 

50 

50 

10 17 

00 

40 

H. 5-0 

SO 

20 

134-0 

100 

0 

147-0 


Table III. 


OUdc .1 cid i Choh sfcroL 


Molecules 

Mnleculc.s 


of eliolestei-ol, 

fd' .'(cid, 


per cent. 

per ci'iiL 

Freezing' point. 

0 

lOO 

O-fd 

10 

90 

(> 0 

15 

85 

5 0 

20 

80 

04-0 

40 

00 

95-9 

50 

50 

107-1 

00 

40 

llO-d 

80 

20 

13T0 


(The mixture 15; 85 solidified completely at D’O'^ and was 
fore the eutectic.) 


there- 
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Chohdcrol and .Uetic Add; Cholesterol arul Proponlc AC, I 

Some c-cpevii.iei.t 5 have been made with these systems, but lU 
results have p.'ovcd iueonch.sive, since the melting pints cf d,, 
supposed ■■ coiiipoiiiids ” corresponded with the points on tl.^ 
frLriiiv curves for mixtures, yet the loss of weight on heating anil 
the aciditv were in each case approximately those required by tin 
f», mute 1 C„:H,;0,ChH.(X, 0,0^11,0.,. 

Tliiscase can be decided bv an examination of the vapour-prossur,, 
curves during continual withdrawal of the volatile component, ami 
some expenuieiits, the results of wliieh will shortly he comimuiiciitul. 
arc in progress to settle this point. 

Colloidal Ch ok sterol. 

Durhiu the course of the work it was observed that a soluiicn 
of cliolcsteroi in alcohol ga.ve a colloidal solution when added ii, 
small iiiiantitics to water, with stirring. Tlie alcohol was remove, I 
1)V di'd'vsis and the colloidal solution has been kept for throe moiit];, 
wdtlumt'very much .leposition of cholesterol. It was imincdiatdv 
m-ocinitated by mineral acids and alkalis (but not by ammoma,, 
hd bv ferric,' platinic, barium, and calcium chlondos; by zinc, 
conpci- ,na<mesiuiu, and ferrous sulphates; cadmium nitrate, ami 
oxalic ’acid Acetic acid and silver nitrate did not precipitate «. 
but increased the size of tlic p, articles. I’otassium iodide re, idem! 

the solution less opalescent. r, . . mr.G n i-., 

0 Porges and E. Xeubaner (Ikochem. /Aitsr/i., IJlt-, /. 
nreimred a colloidal solntion of cholesterol by adding ,a solution ei 
cholesterol in acetone to wafer and dialysing. They exaumied m 
detail Its precipitation liy salts, and tiieir results are m agreenu-m 
with tlm above. They also concluded tl.at it was an anodic 

'“iTrsoUUion described above is also an anodic colloid; h 
found that clioleslerol wamlercd to the anode lu ,0. 
..xperiment.. Further, the precipitates with ferric chlorulc a. 1 
ealeium chloride, after washing with hot wider, gave, on n,. -- 
witli dilute nitric acid, solutions which contained the catio 
no trace of amon. The precipitate witl.^ liydvochlonc .acu 
washing, did not contain <a trace ol anion, and on 1 » 

\vasluug piisitod again into colloidal solution. 

lu roiiclusiou, 1 desire to thank Dr. I.apworth for the interest la 
lias displayed during llie courso of tho work. 

Scm'N'’lv LMlOK.'. OtUY, ClIK.Mli'.M. 1 ) lU' A UT.M KNT, 

UMYiaiSlTY tii<’ MAMfllF-STKli. 
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Xll. — ?///(/(' and Some of its 
Derivatives, 

By Charles Hugh Clarke and Francis Feaxcis, 


Although Tiemann a-nd Friedlandcr { Ihr ., 1881, 14, 1968) were 
unable to prepare a-amino-a-pltenylacetainide in a pure state from 
its Iivdrochloride, we haA^e found the liase is stable, and may bo 
obtained from ma.ndeloiiitrile. The action of alcoholic 
atniiionia on the aldehydecyanohydrins results in the formation 
of the a-amiiKvnitrilcs, but if the reaction is carried out in tlie 
|;iie;ence of potassium hydroxide, partial saponification of the nitrile 
croup takes place; and, if benzaldehydecyanohydrin is used, 
G iimitH>ct-phenylacetamide is formed, thus: 

cyi^-CH(OH)-ON -l-NHy fh,- 

Tlie isolation of the base from the other products of tlie reaction 
is difficult, but if the decomposition is carried out in the presence 
of hcnzaldcliydc, the well crystalline ljcn:i/fidcue derivative can be 
readily obtained to the extent of about Co per cent, of the cyano- 
liydrin taken, and a-amino-cc-phenylacctaniide is best prepared from 
it hv treating it with phcnylhydraziMo, when the separation of the 
icsultiiig benzaldeliydeplienylhydrazQnft from tlie base is easily 
cat Tied out, and a puautitative yield obtained. 

a-Amiiio-oc-jilieiiylaceta.mide is characterised Ity the r(?adincss with 
wliich it conclensos with aromatic aldehydes, forming prntluds of 
tLc type (yi-*CH(N.CIIR)*CO'Xlh,. A similar reaction takes 
jilace with acetoacetic ester and ethylacctoacetic ester^ biii not with 
llte diethyl derivative. 

(treater interest lies in the case with wliicli tlie five membered 
ring, phcnylliydantoin, can he formed from the base. The 
<-arhetiioxy-com pound gives an 85 percent, yidd of phcnylliydantoin 
when treated with alcoholic pota.ssium Jiydroxidc: 


C-ll 


KlOil + (' 

" N;u--nh 

ilic ease with uliicli the base and its carbetlioxy-derivative can 
h^e prepared lenders this the best method for tlie preparation of 
dlls substance. 


Corresponding experiments rvit h a-a m /,vo-a p m ctho.ryyhen i/laccl- 
<nntot, showed that this also lent itself readily to the formation of 
P (• i ho.iyiihttnjlh yda a to in. 

compared with the ease with which tivc-membered rings of the 
ajo\e type can be formed is the difficulty experienced in the 
pipparatioii of any six membeied heterocyclic derivative. 
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Tlius, it was not found possibly to obtain a closed ring substanc?^ 
from the interaction of glyoxal and a-aniincKa-phenylaceUinirip^ 
Further, although chloroacetyl chloride gave a good yield 
corresponding chloroacetyl derivative, 

Q,n5-CH(NH-CO-CII.Ct)-CO-NH2, 
it was again not found possible to eliminate liydrogen chloridr, an,;] 
form the six-memhered closed chain. 

Ethyl oxalate readily gives a condensation product, 
C,HyCH(NH'CO’COoEt)-CO-Nno, 
but this, on treatment with alcoholic potassium hydroxide ov 
sodium ethoxide, gives the alkali salt of the corresponding 
C,HyCH(NH*CO-COJt)-CO-NH., and from this substance ami 
its previously-mentioned ethyl ester we were unable to form anv 
cyclic derivative. 

ExPEUIiIE> 3 TAL, 

a-Benzyrideneamino-a-'iihemjJacetamuJe, 

C(jH-;CH(X:CH-UeH,)i^O-NIE. 

Ten grams of benzaldeliydecyauohvdrin and 7 grams of benz- 
aldehyde are dissolved in a small ciuantity of alcohol, and treated 
with a mixture of 10 c.c. of a 15 per cent, solution of potasshuii 
hydroxide with 10 c.c. of aqueous ammonia (D 0‘880). 

Sufficient alcohol is then added to give a clear solution. Reaction 
commences at once, and it is necessary to add small quantities of 
alcohol from time to time to keep the liquid clear. 

After twelve hours, the crystalline condensation product wliirh 
has separated is collected, washed with ether, and recrvstalliscd 
from benzene. From this solvent 10 to 12 grams separate on 
cooling, consisting of colourless plates, melting at 120— 12b, 
insoluble in water, but soluble in hot benzene or alcohol: 

0-1842 gave 0-0991 ILO and 0'512G CO.. C = 75-9; 

O’l/GO „ 17'7 c.c. Xo at 17° and 752 mm. N — IbG. 

Ci^Hi^ON, requires C = 75'G; H-5-90j N = ir8 per cent. 

a^Amhw-a-iihtnylacttam'ide, CclTyCH(NH.)*CO*XH:„ 

The liydrodiloride of this base, previously described by Tieuianii 
and Friedlander, is readily obtained by the action of hydrocbloiic 
acid on the beiizylidene derivative just described. 

As this sail is readily soluble only in hot water, a hot solutkn 
must 1)0 treated with aqueous potassium hydroxide in order to 
obtain the base. This treatment results in a partial sapoufficatioa 
and the method consequently gives only a very small quantity or 
ct-amino-a-phenylacetamide. In this probably lies the explanation 
for the supposed instability of this base. 
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On the other liand, the fart rate is readily soluble in water, and 
( Jill ho obtained by the decomposition of the benzylidene derivative 
with a'oohition of tartaric acid. On removal of the resulting benz- 
aklchyde with ether, the base can bo precipitated from a con- 
.vnuated solution in the cold by means of potassium hydroxide. 
If may be nieTitioned here that the tartrate does not lend itself 
10 ihe separation of the base into its optical components. 

The best method for the isolation of the substance in question 
cuiisids in warming the benzylidene derivative witii the calculated 
amount of phenylhydrazine in benzene solution. The resulting 
a amino a-phenylacctamiclc is only sparingly soluble in this medium, 
ami separates first. On cooling, tlie benzaldchydephenylhydrazoiie 
oivsiallises out, and from this a further amount of base may be 
cxiracted by warm water. By this method, a yield of 90 per cent. 
01 the base may be obtained. 

G-Amino-a-pbcnylacetamide is readily soluble in water or alcohol, 
.sparingly so in ether, and almost insoluble in benzene. It is best 
rLcrv-stallised from a mixture of benzene and alcoliol, from wbicli 
if, .separates on cooling in colourless plates, melting at 130*^. Its 
aijuoous solution gives a strongly alkaline reaction, and may be 
evaporated to dryness without decomposition takijfg place : 

(] I 0-ll()24 gave ()*48()9 COo and 0T220 HoO. C - 64 8; H -G’;. 

0T020 „ 31 ’0 c.c. N;, at 16® and 758 mm, X = 18'8. 

Ill) 0TG20 „ 0'3819 C(5. and 0-0977 H,0. C ~64-3; 11 = 6-7. 

0-1524 „ 24-S c.c. No at 18® and 750^mm. N^IS'G. 

requires C = 64-0; H= G l; N-IS'G per cent. 

a-Aminma-phenylacctamide readily gives condensation jiroducts 
with aromatic aldehydes similar to the benzaldeliyde derivative 
previously mentioned. These may be prei)arGd in quantitative 
yield by warming togetJier molecular quantities of tJie aldehyde 
with the base in alcoholic solution. 

The saJicylidene derivative, Ct;H^-CII(N!CTI*Cjr 4 *OH)*CO’NH.„ 
wlieri recrystallised from hot alcohol, melts at 150®: 

0-2116 gave 0-5506 COo and 0-1140 ILO. C-70*9; H = 5'98. 
^i'iHi 402 X 2 requires C~70-9; H = 5-51 2 )er cent. • 

llie o-mttlLo.rijhen-ylidene derivative, 

i^ not formed so easily as the preceding. When recrvstallised from 
alcohol, it melts at 174—175°; 

0’2180 gave 20-4 c.c. No at 12® and 750-5 mm. N:=10-9. 

requires N = 10'5 per cent. 

fhe ^anetho.ajbt.nzijUdcne derivative was prepared by heating 
1 n. alcoltolic solution of anisaldehydo and base for some hours 
XCIX. y 
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before the condensation was complete. It crystallises from 
alcohol in colourless needles, melting at 164 — 165^: 

O' 1894 gave 17'8 c.c. No at 17° and 762 mm. N-10*9, [ 
CieHieOjNo requires N = 10'5 per cent. 

E t hy I l^-Carh am ylph c ny Imet hyla m inocro Iona t e, 
NHo-CO-CHPh-NH^CMeiCH-CO^Et. 

When molecular quantities of acetoacetic ester and the ba?e arc 
heated together in alcoholic solution with a trace of sodium 
ethoxide, a quantitative yield of the condensation product separate 
out on the addition of water. It is only sparingly soluble in 
benzene or ether, and best recrystallised from dilute alcohol, from 
which it separates in colourless needles, melting at 150°: 

0'2814 gave 2T'2 c.c, No at 14° and 738 mm. N^iro. 
C|4 Hij,0-No requires N--10'7 per cent. 

E thy lace toacetic ester gave a corresponding derivative, meltinc- 
at 132°, which was not analysed, but no condensation product coiili! 
bo obtained from diet hylacetoace tic ester. 

rnparation- of FhanylhyddnUnn. 

Both the carbomethoxy- and earbethoxy-derivatives of amiiui- 
phenylacetaraide were prepared and investigated in order to lliul 
which condensed more readily to the hydaiitoin. 

a-(]arbom ethoxy a m in o-a-ph e n ylacetam hit, 

CJT,'CH(NlI-COJte)-CO'NlL, 

is readily obtained in quantitative yield by shaldng a solution of 
tlio base in water containing sodium carbonate with inetbyl clilovn- 
formate. It crystallises from dilute alcohol in colourless plairs. 
melting at 210°, and is readily soluble in hot w’ater or alcohol : 

O' 1356 gave 1 6' 6 c.c. Nj at 18° and 751 mm. N --13'9. 
CioH 5 , 203 No requires N-13'4 per cent. 

a-Carb etho xya mino-a-pheny kt ceta in i d e , 

C6lVCII(NH‘CO.Et)‘CO*NH.>, 

may be prepared in a similar manner to the previous derivative by 
employing ethyl chloroform ate. It is only sparingly soluble in tlif 
ordinary organic solvents, and is best recrystallised from dilute 
pyridine, from which it separates in small, brilliant needles, mcltin^ 
at 202°: 

0‘2664 gave 30'4 c.c. N^ at 22° and 760 mm. N = 12'9. 
C^iHi 403 N 2 requires N = 12’6 per cent. 

When this derivative is warmed with dilute hydrochloric acid 
it dissolves, and, on cooling, fx-carheihoxyamino-a-phenyhertii: flc'd 
melting at 118°, crystallises out: 



AND ^MK OF ITS DERIVATIVES. 


323 


(rlU8 gave 8'4 c.c. at 19® and 749*5 mm. N = ()*7. 

retiuires N^6’3 per rent. 

Xo was found in the ease with which the carbomethoxy- 

nr carbethoxy'derivative split off methyl and ethyl alcohols respec- 
tively to form phenylhydantoin. * 

When, for instance, a-carbethoxyamino-a-phcnylacetamide was 
wanned with dilute alcoholic pota^ssium hydroxide, it slowly dis- 
solved, and on diluting with water and acidifying with hydrochloric 
acid, an 85 per cent, yield of phenylliydantoin (m. p. 178®) was 
.obtained, (Found, lo'b. Calc., N -- 15'8 per cent.) 

a-^-Ueiho.ryhenzylideneamino-a-^-methoxy'phtnylacetamide, 

l^beO-CoHpCH(N:CH*C(;H4-0]Mc)-CO-NH,. 

A GO per cent, yield of this substance can be obtained by treating 
,T mixture of anisaldehyde and anisaldeliy decyanohydrin with a 
Mihition of potassium hydroxide and ammonia, as previously 
described. The derivative, wdiich separates after some time, re- 
trvbtaliises from alcohol and benzene, and melts at 141®: 

*0-1600 gave 0*4024 CO. and ()*0926 PI.O. C-GS'G; H-6*44. 
0-18S4 „ IG'O c.c. No at 23® and 751 mm. N — 9-45. 

Ci-lIisOgN. requires C-^68*4; H = 6-04; N^9-39 per cent. 

All 80 per cent, yield of the free base itself, a-amino a-^-mtthiixii^ 
fiinujhicxtamide, MeO*C 5 H 4 ’CH(NH.)-CO’NIT 2 , can be obtained 
from this condensation product by the use of phenylhydraziiie in a 
similar manner to that previously described in the case of tlie 
phenyl derivative. 

The base is soluble in water, sparingly so in benzene, and may 
he I'ocrystallised from a mixture of benzene and alcohol, from wliicli 
incdiinii it is obtained in colourless needles, iiielling at 131®; 

O-IOGO gave 14*8 c.c. N. at 19® and 748-5 mm. K 15-8. 

CgllioOoN. requires N:r^l5'G per cenl. 

; The benzoyl derivative crystallises from alcoliol, and melts at 
4S4®; 

0*1440 gave 13*2 c.c. N. at 23® and 7G3 mm. K-10-4. 
CiellmO.No requires N-9'9 per cent, 

, llic carbethoxy-de.rivs.iivc ci'vstallises from hot -vs'ater, and melts 
ial 223®; 

h 0-15G0 gave 15-6 c.c. N. at 20® and 757*5 mm. N:."ll*4. 

requires N~ll-2 percent. 

When this substance is treated with alcoholic potassium 
}ftoxide, the solution diluted and acidified in a similar manner 
• ‘ Pi'evimisly described, an 80 per cent, yield of p-mef/ioxy- 
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'phtnylkydantoin is obtained. When crystallised from hot watr: 
it melts at 188 — 189'^; 

0’1344 gave 16'4 c.c. at 22'5'^ and 749 mm. N — 13‘6.\ 
requires N - 13‘6 per cent 

The following derivatives were investigated in order lo 
whether it was possible to prepare six-membored rings from 
In ail cases negative results were obtained. 
a-Ch loroacti y la mino-o.-fJicnylaccta7nid€, 

CcH^*CH(NH-CO-CH.Cl)-CO'Nn2, 
was obtained by the action of chloroacetyl chloride on aminophenv!- 
acetamide in benzene solution, in the presence of anhydrous sodium 
carbonate. The reaction takes place slowly at the temperature of 
the boiling solvent. 

The derivative, which melts at 170^, is only sparingly soluMe in 
benzene or ether, and may be crystallised from hot water and 
alcohol ; 

0-2340 gave ‘2G'4 c.c, at 18° and 741 mm, N-12‘7. 
CjijlljitXNTll requires N--12'4 per cent. 

JiCactloji With Ditthyl Oxalate, 

When the base is wanned for a short time with diethyl oxalate a 
solid separate.s, wliich, when crystallised from a mixture of alcokl 
water, and ethyl acetate, melts and decomposes at 195°. 

The analysis given below, and the properties, showed tliat tlit 
was the ethyl hydnxjoi oraJatc of the base, 

probably formed by the presence of a small quantity of water. It 
was not further investigated : 

0-1456 gave ()T8o4 CO. a.nd 0-0870 H.O, C=:53-5; 11 = G'6. 

Cj.HiiANo requires C^^53-7; H-6‘0 per cent. 

When the base and diethyl oxalate are heated together for sonic- 
time, the salt just described, which separates at first, soon dissolves 
If this solution is then boiled for one hour, on cooling, a 
quantitative yield of a-cihyloxalyJaatnno-a.-'phenylacetavihU, 

CoH-CH(NII*GO-CO.Et)*CO-NIl2, 
is obtained. ^ 

It crystallises from benzene in colourless needles, mellmgat lib''- 

0-1702 gave 17-4 c.c. N. at 17-o° and 7G5 mm. N^U‘3. 

requires N-ir2 per cent. 

When an alcoliolic solution of this condensation product 
treated with alcoholic potassium hydroxide, the sa- 

of a-oxalylatn i no-a-'phenylaceiatnidef 

CoHs-CH(NH'CO'C02H)-CO-NH2, 
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separates out, and when this is decomposed by acids the free amd 
it?e]f is obtained. 

J< is noluble in water or alcohol, and crystallises from ethyl 
acetate i*: colourless needles, melting and decomposing at 180'^: 
0'1782 gave 19'4 c,c. N., at 16° and 768 mm. N=:12'8. 

CioIIio 04 N 2 requires N^12-6 per cent. 

‘W'e wore unable to form any six-mem bered cyclic derivatives from 
tliis substance or its ethyl ester; various methods usnally employed 
■for the purpose, and those which gave almost quantitative yields 
f livdantoins, yielded negative results in all cases. 

L' [! r M IC A L D EPA Jl'or K ST, 

LhSIVEK.SdT OF IjRlSTOr. 


\\X,~-Jodohcnzmenio)i<)f,}(li)li(}iiu: Aci(l'<. Pari HI. 
2 : ^-Di-iodo- and 2 : 3 : 4 ; b-tctraiodinbcitzeuc- 
Sid phonic Acids. 

By Mary Boyle. 


)f the six theoretically possible di-iodobenzenemonosulplionic acids, 
'our were described in 1909 (Trans., 95, 1683); a fifth, namely, 
}; 3-di-iodobenzenesulphoiiic acid, has now been prepared and 
examined, and is described in the present communication. 

When iodine chloride acts on a dilute hydrochloric acid solution 
)f anilinc-o-sulphonic acid, iodine enters exclusively into the para- 
:)asitioii with respect to the amino-group ; no trace of an ortho- 
^someridc can be detected. The latter substance should, however, 
be easily formed by first substituting the para-liydrogen atom, then 
introducing iodine into the free ortho-position, and finally removing 
the para-substituted group. Naturally, llie only group that lends 
Itself to ready introduction and elimination in this series of siib- 

I tances is the nitro-group, so that the first step in the synthesis of 
1 : 3-di-iodobenzenesulphonic acid is the preparation of ^miilro- 
iniline-o-sulphonic acid, which substance can then bo made to 
i^idcrgo the scries of changes represented iii the following scheme; 


Nil, 

Nir, 

1 




\/ 


\/ 

xo. 


NO,- 


I ‘ I 


l/bsO,H 




326 BOYLK; lUDOBENZENEMONOSUU'HONlC ACIDS. PART 


These operations proceed quite smoothly, but only moderate yield 
are* obtained in tv?o of the reactions; the other three give extcllejv 
results. . 

p-Nitroanilinc-O'Sulphonic acid was originally prep'ixod U 
Fischer (Ber., 1891, 24 , 3789) by heating l-chloro-4-nitrobeii2eJ^' 
2-sulphonic acid with alcoholic ammonia in sealed 'tubes, but 
difficulties and dangers in the way of this method of preparatioji 
-were found to be too great to allow of its employment. It 
found extremely difficult to regulate the pressure to that necessary 
for the displacement of the chlorine by the amino-group; esplosipjji 
often occurred, and very small quantities only could be worked ii 
at a time. 

As a method by which the acid could be prepared readilv and 
in large quantities was esseiTtial, attention was first turned to tW 
sulphoriation of ^Miilroaniline and p-nitroacetanilide. The latier 
yvas subjected to the action of concentrated sulphuric acid and nji.v- 
tures of concentrated and fuming sulphuric acid, at loyv and tin!) 
temperatures, under ordinary pressure and iii sealed tubes, Inn 
no sulphonalion could bo effected; cither p-nitroaiiiline 
recovered, or complete carboziisation occurred. 

The nitration of aniline-o-siilphonic acid under varyiim ’con- 
ditions was then undertaken, and carried through succc.s.sfii!lv. Br 
employing the acctylatcd dmivative in the form of its bariimi sail 
and lowering the temperature considerably, a mononitro-derivarive 
was isolated without difficulty. 

The influence of temperature on the reaction is very marked a 
few degrees making the diffci'cncc between a good and a poor yield. 
For example, when the solution of the acetylated barium salt in 
concentrated sulphuric acid was cooled in ice, and the tcmperatiirr 
kept at 10—15^ during the addition of the requisite amouiiloi 
nitric acid, the yield of nitro-acid amounted to 46*6 per cent.; 
when, however, the acid solution was cooled in a freezing misture 
and the temperature never allowed to rise above 7®, the yield 
amounted to 80 per cent, of the theoretical 

That the nitro-grou]) displaces the hydrogen in the par 2 .-positi''n 
with respect to the amino-group was proved by first displacing the 
latter group In- iodine, then reducing the nitro-group aaid dk 
placing it by iodine ; in this way 2 : 5-di-iodobenzenesulphonic and 
was obtained and identified by its appearance and the melthis: 
point of its cliloride. 

It is interesting to note that the isomeric acotanilide- 
m-sulpbonalc. which is nitrated at the ordinary teirperahw^ 

15 — 20'^, cannot be nitrated at a temperature much below this, 
attempt to improve the yield of this acid by carrying out th 
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operation at the low temperature essential for the formation of 
the o-nitro-isomeride proving unsuccessful. 

The introduction of iodine into p-nitroanilinc-o-sulphonic acid 
readii'y brought about by the action of iodine chloride, but a 
.oionclary reaction, in which the sulphonic group is displaced by 
iodine, also occurs to some extent, so that a mixture of 2dodo- 
l-niiroaniIine*0'Sulphonic acid and 2: 6-di-iodo-4-nitroaniline is 
obtained. The amount of the latter substance, however, may he 
very considerably reduced by careful regulation of the experimental 

conditions. 

Tlie displacement of a sulphonic group by an iodine atom has 
been observed during the iodination, not only of the above nitro- 
substituted anilinc-o-sulphonic acid, but also of an iodo-substituted 
anilinc-p'SuIphonic acid, thus: 
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Since the sulphur-free product occurs to a ('onsidcrahle extent 
in both oases and cannot escape detection, it is remarkable that in 
l!ie earlier experiments on tbe iodination of the iinsubstituted 
aiuliiiesulplionic acids described in Part I, iodoaiiilines should not 
liave been detected. In order to discover whether an tri-iodo 
aniline could be formed by the action of iodine chloride on aniline- 
p sulphonic acid, an experiment was conducted in which a dilute 
solution of the latter was subjected to a large excess of the reagent. 
After concentrating the solution, the solid which separated from 
tlic cooled liquid was found to consist mainly of di-iodoaniline- 
sulplionic acid, together with a small quantity of a purplish-black 
substance free from sulphur; examination has made clear that the 
latter substance is not 2:4: 6-tri-iodoaniline. Similarly, aniline- 
f'-sulphonic acid does not yield an iodoaniliiie when treated with 
iodine chloride under ordinary experimental conditions, whilst 
under all conditions The sulphonic group in aniline- 7 ??.-sidphonic 
acid remains unattacked. 

It is clear, then, that the action of iodine chloride is comparable 
onl\ to a certain extent with that of chlorine and bromine on unsub- 
stituted amino-sulphonic acids, in which interactions the ortho- and 
paia isomerides yield mixtures of halogenated amino-sulphonic acids 
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and tri-halogen-substitutcd anilines, and the meta-isomeride yields 
halogenated aminosulplionic acids only. 

Brenzinger {Zeiisch. angew. Ckem., 1896, 9, 131) states that the 
action of bromine on the para-compound is quantitatively to dis- 
place the sulphonic group, so that the acid may be estiijiated hy 
determining the sulphuric acid set free; iodine, on the other hand, 
only displaces the sulphonic group readily from substituted aniline, 
sulphonic acids, and the action does not proceed to completion. 

■ The diazotisation of 2-iodo4-nilroaniline-o-sulphonic acid prweeds 
smoothly, and a quantitative yield of the di-iodo-acid in the founi 
of its potassium salt is obtained when the diazey-anhydride is 
decomposed with potassium iodide. 

The greatest loss of material occurs during the reduction of the 
nitrO'group, andhhe displacement of the amino-group by hydroi^^en 
by the diazo-reactioii. Two met hods of reduction have been 
employed, the first involving the use of ferrous hydroxide, t]jo 
second that of stannous chloride in hydrochloric acid; tlie latter 
method is the more convenient, since the operation is speedy and 
takes place at 100 °. 

Up to the present, no experiments have l esulted in a yield of 
di-iodosulphonic acid greater than 50 per cent, of the di-iodoamino- 
sulphonic acid employed. 

The di-iodo-acid obtained in this way is a crystalline siihstcmcc. 
which melts at 147—148°, and gives rise to a well-charactehscd 
chloride^ melting at 127°. 

An attempt has been made to prepare 2 : S-di-iodolienzcitc- 
sulphonic acid in another way, and although the experiments liavc 
not been successful so far as their initial purpose is concerned, tliey 
have led to some interesting results in other directions. 

When w-iodoaiiiline-^nsulphonic acid is subjected to the action 
of one molecular proportion of iodine chloride, the iodine atom 
introduced may occupy one of two positions, both ortho- to the 
amino-group ; the resulting product therefore is either 2 : o-di-iodo 
aniline-p-siilphonic or 2 : 3 -di-iodoaniliue-p-sulpliaiiic acid : 



Nil., 


/\^ 

/\i 
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— > 
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\/ 

\/ 

SO 3 H 

SO 3 H 

8 O 3 H 


There is the third alternative that a mixture of the two acKl? 
may' be produced, in which case a separation might be cffectec. 
and the 2 : 3 -di-iodoaniliiiesulplionic acid converted into tlie dedi(( 
2 : 3 -di-iodobenzenesulphonic acid by eliminating the aniiiio-gio^T' 
Experimental results, how^cver, make clear that only one positiw 
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: ivailable for the entering iodine atom, and 2: 5-di-iodoaniline- 
I^ulplionic acid is tlie solo product of the reaction. This fact was 
'Hoved bv concentrating the liquid that had been submitted to the 
t'lion of the iodine chloride, collecting at intervals the crystals 
which separated from the cooled liquid until three or four sets 
vi crystals had been obtained, and then displacing the amino-group 
ill each c/t these by an iodine atom ; each set of crystals yielded, in 
tills wav, 2:4: S-tri-iodobenzenesulphonic acid, which gave rise to 
■I svilphonvl chloride melting sharply, even without purification,- 
at 135°, 

(’oiifirmatory proof of the position taken up by the iodine was 
obtained by the production of 2 ; 5-di-iodobcnzenesulphonic acid on 
displacing the amino-group by hydrogen. 

In some experiments the successful introduction of iodine itito 
the second ortho-position seemed to liave been aeliieved when a crop 
of more soluble crystals were found, on displacing the amino-gronp 
l)v iodine, to yield an iodo-sulphonic acid differing from any tli- or 
tri-iodo-acid obtained previously. The acid, however, which is 
more coloured than any others and is not quite so readily soluble 
ill water, yields a yellow chloride, melting at 163°, and proves on 
examination and analysis to be a tctraiodobenzcncsnlphonic acid, 
formed, without doubt, as follows : 



NH., 
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The sparing solubility of 3-iodoaiiilinc-/;'Sulphonic acid in water 
at tlie ordinary temperature is a difficulty in the way of preparing 
the tetraiodo-acid, but, as the solubility increases very considerably 
with temperature, and as iodine chloride undergoes no appreciable 
decomposition on being ]iassed into hot aqueous solutions, the 
iodination may be carried out very satisfactorily at a temperature 
of 70 — 7,5°; under these conditions, two molccnles of iodine chloride 
give rise to 2 ; 3 : 6-tri-iodoaniline-p-siilplionic acid mixed wdth a 
little 2 : 3 : 4 : 6-tetraiodoaniline. 

Expehtmental. 

Preparation of pS itroaniline-o-nidpJiouic Acid. 

Fifteen grams of barinni acetanilide-o-sulphonate were dissolved 
hi 75 grains of concentrated sulphuric acid, and cooled in ice 
and salt to 3°; a solution of 4-65 c.c. of concentrated nitric acid 
fD T430) in twice its volume of sulphuric acid was then added 
gradually, the temperature being kept at 3 — 7°. The addition 
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occupied about two hours, after which the acid liquor was allowed 
to remain in the mixture for another hour, and then poured into 
chopped ice; a clear, pale yellow liquid was obtained. This ^vai; 
neutralised with barium carbmiate, and the clear filtrate 
evaporated i.o crystallisation, when an orange-yellow 
separated : 

0-2347 gave 0-0905 BaSO^. Ba = 22-68. 

requires Ba-^ 22-76 per cent. 

The bai'ium salt was decomposed with dilute sulphuric acid, and 
tlie acid fdtrate evaporated ; after concentrating to a very g,nali 
bulk the cooled li(]uid solidified to a maSs of pale yellow needlts 
of tlic nitroaminosiilplKuiic acid, which were collected and drained 
on porous plate. 

To prove the presence of one iiitro-group only, the amino-acid 
was diazotised and tlie diazogroup displaced by iodine; tlif 
potassium 2-iodo-i-7}ifrohcn:t7}esul2ihonate separated in pale yellov; 
needles, which were purified, dried, and analysed: 

0-1658 gave o’S c.c. N,> at 15° and 775 mm. N = 3’8G. 

C(jHo,0',NISK requires N-=3-82 per cent. 

2-Io(IoA-niiro(n)ill/ie-a-siiJpho7UC Acid. 

Twenty grams of jHiitroaniline-n-sulphonic acid were dissolrod 
ill approximately 500 c.c. of water, 5 c.c. of concentrated hydro- 
chloric acid were then added, and 15 grams of iodine chloride 
passed into the solution at the ordinary temperature. The yellow- 
colour deepened to red, and a fine yellow powder gradually 
separated. (In some experiments under slightly different con- 
ditions, this precipitate only appeared after some time, but all 
experiments yielded it to some extent.) After about an hour, the 
solution was' separated from the yellow powder and eva-poralcd 
during which operation crystals separated until further o)i- 
cent ration was rendered impossible owing to the violent Inimpinp 
The filtrate from those crystals yielded, on almost complete 
evaporation, a mass of bright yellpw needles of 2-iO(lo4^i(ro- 
a 7 iUi 7 ie-o-sidpho 7 uc acid. The pofassiiDn salt crystallises in rig 
yellow, the sodium in darker yellow needles. The former was 
analysed ; 

0-1368 gave 0 0963 CO. and 0 0137 H^O. C = 19-19; H = Hh 
CcH/5,-X.JSK requires C- 18*84; H = 1'0 d per cent. 

The yellow crystals separatitig first were almost insoluble in 
water, crystallised in needles from alcohol, and were spainu, 
soluble in benzene. They contained nitrogen, but were 
sulphur, and melted at 244°. Analysis showed them to cousis 
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6'di-iodo4-nitroaniUne, the melting point of which is given ])y 
Michael as 244°. (Found, C-'=18-91^ H = Calc., C = 18-95; 
11 -^ 1-05 per cent.) 

Tn order to free 2'ioclo-4-nitroani]ine-o-snIphonic acid from the 
;u-conipanying 2: 6-di'iodo4-nitroaniline, the mixture was boiled 
with sodium carbonate, and the sodium salt crystallised out from 
ilie clear filtrate; this sodium salt was then dried, and used instead 
uf llie acid itself in the next operation. 

Under the best conditions a yield of 7i per cent, of the iodo- 
tiitroaniinosulphonic acid was obtained — under ordinary conditions 
only about 53 per cent. 


2 : rohcnzvucKuliilifjtnc A cuL 

Tea grams of sodium 2-iodo-4-niiroaniliTie-o-sulphonatc were dis- 
sttlved iu water, and poured into excess of dilute sulphuric acid ; 
tlie acid mixture was then cooled to 10°, and diazotised by the 
addition of 2 grams of sodium nitrile. On adding potassium 
iodide to the llocculent, pale yellow diazo-compound, nitrogen was 
at once evolved, and an aerated scum rose to the surface of the 
liquid; after an hour's heating on the water-balli, the precipitate 
was collected and purified by recrystallisation from water. It 
ci'vsiallises in pale yellow or cream-coloured needles, sparingly 
soluble ill cold water. 

The 'potamnm salt yields an insoluble harlum. salt, from which 
the add is obtained in silky needles by addition of sulphuric acid 
aiul subsequent concentration. 

The sodium salt crystallises in woolly needles; the ammoniuvi 
salt in small, pale yellow needles. 

When the acid is heated in the steam-oven for a short time it 
Ijccomcs almost colourless, but the yellow colour is rapidly restored 
6n exposure to moist air. 

A quantitative examination of the acid and its derivatives has 
not yet been made. 

4 : ^-Didodoanilwf^m-ml/phonic dr/W. 

Ill one series of experiments, the nitro-group w'as reduced by 
means of ferrous hydroxide. Eight grams of the potassium salt 
of the uitro-acid were dissolved in about a litre of hot water, 30 
grams of crystallised ferrous sulphate were added, and ferrous 
hydroxide was then precipitated by the addition of 15 grams of 
potassium hydroxide. The mixture was heated on the water-bath 
during four hours, after which the ferric hydroxide was separated, 
and the di-iodoamino-acid precipitated from the filtrate by hydro- 



332 BOYLE: lODOBENZENEMOXOSULPHONIC ACIDS. PART m 

cliloric acid. It separates in small, reddish-brown needles wliielj 
are sparingly soluble irf hot water. 

The second method of reduction consisted in the use of stannous 
chloride. The finely-divided potassium salt of the nitro-aeid 
(5 grams) was heated on the water-bath with dilute hydrocMoric 
acid ; a solution of stannous chloride in concentrated hydrochloric 
acid (8 grams in 20 c.c.) was then added, and the mixture was 
kept at 100° until the yellow nitro-acid had given place to die 
colourless, powdery amino-acid; the operation takes from half an 
hour to one hour. The arnino-acid was collected, washed, ancl 
f^'eed from insoluble matter by solution in alkali and reprecipitation 

with acid. 

2: '6-I)i^iodohenzc7ic&iili}honic Acid. 

The amino-group in 4 : 5-di-indoaniline-7/ii.-sulphonic acid was dis. 
placed by hydrogen by boiling its diazo-anhydridc with alcolm] 
By carrying out the diazotisation in the minimum amount of dilute 
sulphuric acid, it was found possible to obtain a large percentaoe 
of the diazo-salt in an insoluble condition; on boiling this diazo- 
salt with methylated spirit, a deep red colour w-as developed, and 
after removal of the alcohol, the sodium salt was precipitated from 
the aqueous solution of the residue by the addition of sodium 
chloride. 

The harium, salt is very sparingly soluble; on decomposition with 
sulphuric acid, it yields the acid in shining crystals, which imlt 
at 147—148°. 

The acid yields a well-cliaracteviscd chloride, which separates 
from ether in large crystals, and melts at 127°: 

0-1727 gave 0-1059 CO, and 0-0118 H,0. C-16-73; H-O-'o. 

C^HgO^CILS requires C- IG'SO; H = 0-70 per cent. 

Ethyl 'I: ?i-di-iodoti('nz<'uc^idl)JiO)}((te separates from ether in 
stout needles, melting at 77—78°: 

0-0726 gave. 0-0582 CO, and 0 0119 H,0. C-21-86; H-VSl. 

requires C — 2192; H = l-83 per cent. 

Methyl '1'. ‘6-d\-\odohcnzen('mlyhonatc separates from ether in 
glistening crystals, melting at 101°: 

0-1313 gave 0 095 CO> and 0-0162 H.O. C- 19-73; H = l-37. 

requires 0 — 19-81; H — 1-41 per cent. 

The wdiiim salt crystallises in needles with one molecule of water 
of crystallisation : 

00550 gave 0 0895 CO, and O'OMG ILO. C = 15-75 ; n = 104. 

CcHsOJgSXaOLO requires C = 16-()0; H = percent. 

The 'potasunm salt separates from water in sparkling plates 
containing one molecule of water of crystallisation : 
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O-im gave 0 0903 CO^ and 0 0175 H.O. C = 15'37; H-1-21. 

CoHaOgljSKjIIoO requires C = 15-45; H = 1'07 per cent. 

2: 3: 4: b-Tetmiodohenzene&id'phonic Acid. 

M-IotloanilinC'P'SuIphonic acid was prepared from 5-nitroaniUnc- 
n -iilplioiiic acid by the method described in the first communication 
oil tiiis subject (Trans., 1909, 95, 1709). Owing to its very sparing 
Milubility (one litre of water dissolving less than one gram at 20®), 
further iodination of the substance was carried out at a much 
Iii^dier temperature. Five grams were dissolved in about two litres 
of water heated to 80—90°, a little hydrochloric acid was added* 
and two molecular proportions of iodine chloride were then passed 
rapidly into the hot solution. There was a slight deepening of the 
yellow colour, and before the full amount had been passed in, a 
faint turbidity made its appearance. At this point the action 
was stopped, and the reaction mixture was kept for several hours, 
after which the grey powder was collected, and the clear filtrate 
evaporated to one-third its bulk. The crystals which separated 
from the cooled liquid were freed from neutral insoluble material 
l)v dissolving them in sodium carbonate solution ; concentrated 
livdrochloric acid reprecipitated 2:3: G-tridodoaniline-p-sulphoiiic 
acid in greyish-white needles. The grey powder, insoluble in water 
and in sodium carbonate solution, did not contain sulphur, and 
crystallised from glacial acetic acid in small nodules, and from 
l)euzone in fine, woolly needles, melting at 1G3°: 

'fl‘2118 gave 0'0921 CO^ and 0 0107 HoO. C — lTSo; H^O’56. 

CgH 3 Nl 4 requires C = 12’06; H = 0’50 per cent. 

The substance is therefore 2; 3; 4: ^-tetralodoanUlnc. 

Sodium 2:3: 6-tri-iodoanilirie-p-sulphonate was then dissolved 
ill water, poured into excess of dilute sulphuric acid, and diazotised ; 
(^21 decomposing the diazo-salt wdth potassium iodide, 'poiamam 
2: 3: 4: b-tetraiodobenz€nesulpho7iate separated in fine needles. 

2: 3: 4: b-Tetraiodohenzcnesidplionyl chloride is pale yellow in 
colour; it crystallises from ether in small, woolly needles, melting 
at 161—162°: 

O'lloO gave 0-0445 CO, and 0*002 HoO. 0 = 10*55; H = 0*19. 
CgH02Cll4S requires 0 = 10-58; H = 0-14 per cent. 

The sodium, potassium-, and ammonium salts crystallise in small, 
cream-coloured needles; they are very sparingly soluble in water. 

The Royal Holloway College, 

E.vglevielu Greex. 
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XLIL—The Mechcinwn of Doebnor and von 
Qidnaldiiie Synthesis. 

By Humphrey Owen Jones and Percy Edwin Evans. 

During the examination of the case of supposed stereoisomcrhui. 
described by von Miller and Plochl {Her., 1896, 29, 1462), of the 
aldol bases, Cj oni;ON, derived from m-4-xy Udine, in which h was * 
shown (Jones and White, Trans., 1910, 97, 632) that this isomerism 
was structural, the change of these compounds into 2: 6: 8-tri- 
niethylqiiinoline by heat and by acids in the cold was studied. 
This change may be represented by the equation : 

Cj.,Hj^ON - C; JI jyN -r H.O + H,, 

but it was found to take place witliout i)erceptible evolution of gns 
at temperatures above the melting point of the base and also ia 
acid solution. Tiie change was then carried out at IGO^ in an 
exhausted vessel connected with a Topler pump, but even when the 
change was complete no gas had been produced. 

Doebner and von ^Miller’s well-known quinaldinc syntliosis in 
presence of concentrated liydrochloric acid is usually represented 
by the equation : 

CcH,--XIL d- ‘dCII^'CIIO = + 2H.0 + H,. 

The hydrogen in tliis case is found to be iisc^d in reducing mu' 
of the aldehyde, and, to a less extent, in reducing some ui (In* 
quiualdiiie to tetrahydroquinaldine. Now the aldol bases, lib 
many amino-aldehydes and ketones, wore found not to he alhttol 
by nascent hydrogen produced Irom sodium and alcohol or watei. 

Since no hydrogen is evolved, it follows lliereforc cither tliat tin* 
product formed is a derivative of dihydroquiiioline, or that il 
consists of a mixture in iHiiiimolecular proportions of a quinoline 
and a tctrahydroqninoline derivative. 

Experiment showed that tlie latter alternative was correct, and 
the change is re]u'('sented by the etiuation; 

20,.H3MeyNIPCHMe'ClE*CMO^ 

(JU CIL on CH^ 


either when brought about by heating to 140 — 2u0^ or hy treatment 


with acids. 

The apparent transference of two atoms of hydrogen from 
molecule to another in a quautitativo manner is interesting, 
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jl, was Klecided to study the reaction more fully in the hope of 
aui'idating tlie mechanism by which this transference was effected. 

The aldol bases are probably formed as one of the intermediate 
da^es in Doebner and von Miller's quiualdino synthesis, and the 
investigation of the above change might therefore throw light on 
the mechanism of this important synthesis. 

The present paper contains an accouiit of the conversion of the 
a- and j8-aldol bases, obtained froiri ?n-4-xylidine, into 

, '2 : (i ; 8-trimethylqiiinoline and 2:6; 8-trimctliyltetraliydroquinolinc, 
and of the properties of these substances and of Iheir derivatives. 

The aldol base, CnHjjON, obtained from ^^toluidine has been 
sliown to behave similarly when heated or treated with dilute acid; 
yielding a mixture of 2: 6-dimcthylqn incline and 2: G-dimethyl- 
Ictrahydroquinoline. 

The aldol bases derived from aniline are not known. 

It has also been found that the bimolecnlar ethyiidenexylidine, 
{holh^jN., is stable towards heat, and distils unchanged, but that 
when treated with acids it is very rapidly converted into a mixture 
ill equimolecular proportions of ^yz-d-xylidiue, 2:6: Sdiimethyh 
: fjninoline, and 2:6; 8 trimethyltetrahYdroe|uinoUne. 

Tliis last-mentioned reaction, if applied to the case of aniline, 
yields the corresponding mixture of aniline, quinaldine, and tel ra- 
il yd roqiiinal dine. 

Experimental. 

The. Action of Heat on (he Aldol Basoi. 

The aldol bases were prepared by" the method previously" described 
{loc. cit.j p. 635), and it ivas ascertained by heating about 0*2 grain 
of the pure a- and jS-bases in a vacuum to 160° for six hours, that 
loss than 0*1 c.c. of gas was obtained, whereas from the equation 
(.,^llj-ON — CjjHjjN -i- H^O + Iln about 24 c.c. of gas should have 
been evolved. The product in each case was liquid, and consisted 
of a mixture of a substance which reacted with benzoyl chloride and 
with nitrous acid and a substance which did not so react. 

Similar experiments made with about 0’3 gram of the liydro 
chloride of the a- and 3-compouiids showed that no gas was evolved, 
although the product now gave none of the original crystalline base 
when neutralised. 

Experiments were therefore made in which large quantities of 
tile- mixed a- and ^-aldol bases -were heated or treated with acid, 
and the resulting liquid basic product separated into its coii- 
iitituenls, either by treatment with benzoyl chloride and alkali and 
washing the resulting product with acid, or by dissolving in acid 
treating with dilute solution of sodium nitrite. The former 
lucthod is to be preferred. 
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Two such experiments may be quoted as typical. 12*5 Oranis f,, 
the mixed a- and |3-com pounds were heated to about 200"^ for 
hours, and yielded 11-0 grains of liquid product, wMcli. 
distilled, gave lOT grams of a liquid boiling at loO 160-' 20 

From this were obtained 6'1 grams of a benzoyl derivative, 
corresponding witli 3'8 grains of base assumed to be 2; G:8-tn. 
methyitetrahvdroqniiioline and 4-9- grams of 2 : 6 : S-trimetla-i. 
quinoline. This shows that 50 per cent, of the base is 2:6: 8-tii. 
methylquinoline, and the remainder had reacted with henzoyi 
chloride. 

An experiment with a-c/-camphorsnlplionic acid mav bo quoted 
as typical of those made with acids. In the previous paper {kc. ol 
p. 639) it Avas found, in atteinpiing to prepare the ^-(/-caiiipbr.r. 
sulphoiiates of the a- and j3-aldol bases in acetone sohiiion. that 
these were transformed almost immediately, and the camplior- 
snlphonate of 2:6: 8-trimethylquinnlinc separated from the sohi- 
tioii. This is more sparingly soluble than the camphorsnlplionatc d 
2:6: 8-trimethylletraliydroqniuoline. 

11-3 Grams of the jB-aldol base, dissolved in ethyl acetate, ivero 
mixed with 13' 8 grams of eamphorsulphonic acid, also iii ethyl 
acetate, and the solution was evaporated. The residual mass.diKh 
crystallised on keeping and weighed 24 grams, was treated 
alkali, and the two bases separated as described above. 4 0 Gram? 
of trimethylqninoline and 7'1 grams of benzoyl derivative, corre- 
sponding with 4-5 grams of trimcthyltetrahydroquinolinc. ivwv 
obtained, showing that the two bases were present in approximately 
equal quantities. The benzoyl compound obtained was foiiiul to 
separale from alcohol in colourless, well-formed, six-sided pihtis, 
which melt at 143'^ : 

0-1795 Lmve ()-5201 CO,> and 0-1185 ILO. C-81-3,; H-7-55. 

CVilLiON requires C-81-7; H-7-53 per rent. 

It may therefore be roiieludcd that the compound is 
2:6: S-tri/iirthi/llciralti/flrofjuuioHne. The base recovered from the 
benzoyl derivative l)y boiling wdth concentrated hydrochloric arm 
solution and treating the acid solution with alkali was found to boi 

at 260 -261°;780 mm. and at 142-143°/ 14 mm. (compare 

Panajotolf, Ber., 1887, 20 , 34). The distillate solidified on keeping 
and the crystals, which were rhuiiibs or six-sided plates, meltjd ai 
50 — 51°, (Found, C = 81-8; H = 9-63. Calc., C=8^-, 

per cent.) _ i f • pH hr 

This substance was shown to be identical -with that o am 
the redudiou of 2:6: S-trimeihylquinoline with sodmm d 
alcohol, and is therefore 2:6: 8-trimethyltetrahydroqiunohne. 
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:.ae substance was recovered from tlie uitroso-com pound by 
. - itmeiit with tin and hydrochloric acid. 

h\ order to prepare larger quantities of it, the method adopted 
to heat the mixture of aldol bases to 200—250° for four to .six 
Lours, to distil off the mixture of bases thus formed (this distillation 
t;iA.v be dispensed with without affecting the result), and to reduce 
ihc whole by means of sodium and alcohol. The yield is almost 

quantitative. 

The following derivatives of 2 : G : S-trimethyltetrahydroquinoline 
liavo been prepared : 

The hydrochloride separates from water in stout prisms, melting 
at 208—209°: 

CruOOl gave 0-3320 AgCl. Cl-16-5. 

CioHijNjIICl requires Cl^lG'TS per cent. 

The platinichloride is precipitated as very minute, buff-coloured 
prisms on the addition of platinic chloride to a solution of the 
hvdrochloride, and melts at 210°. 

The hydrohromide forms colourless prisms, melting at 222 223°. 

The a-d.^cam'phorsidphonate crystallises from acetone, in which it 
is very soluble, in long needles, melting at 230°. 

The oi-di-hromocam'phorsulfho7iute crystallises from acetone in 
plates, melting at 19d — 195°. 

The picrate separates from a mixture of the calculated quantities 
ot the base and picric acid dissolved in alcohol in long, bright yellow 
prisms, melting at 179°: 

0'1773 gave 21-1 c.c. No (moist) at 18° and 73G mm. N-13-5. 

^ 18 ^ 20 ^ 7^4 requires N-13-9 per cent. 

l-Acctyl~2: 6: S-tnTnethyltetraJiydroquinoli/te crystallises from 
alcohol ia colourless, micro-crystalline needles, melting at 108 — 109°. 

1 : 2 : G : S-Tf tramtthyltetrcihydroquinolt/ie hydi iodide w^as formed 
as a solid, crystalline mass from a mixture of methyl iodide and 
2:6; S-trimeihyltetrahydroquinoline in molecular proportions. It 
separates from hot alcoholic solution in stellate aggregates of colour- 
less prisms, which melt at 168 — 169°: 

0-2645 gave 0-4760 CO^ and 0 1500 H.O. 0-49 0; II = C'2. 

C 13 H 20 NI requires C-49‘2; H = 6-31 per cent. 

S-Tetramethyltctrahydroquiuoline separates from the 
above salt on treatment with alkali as an almost colourless oil, 
'boiling at 256— 257°/ 775 mm. : 

0-2835 gave 0*8540 CO<, and 0-2545 H.O. C = 82‘2; II = 9’96. 

CigHigN requires 0 = 82*5; H = 10-0 per cent. 

Iho picrate of the base separates from alcohol in long, lustrous, 
j-ellow prisms, melting at 190—191°. 
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The flatini chloride is precipitated as buff-coloured needlej; 
addition of platinic chloride to a solution of the base in 
chloric acid; it melts and decomposes at 205°. 

l-Benzijl-l\ 6: ^-tnmcfhyltetrahydroqinuoline hydriod’nJe ij 
posited slowly from a mixture of benzyl iodide and 2:6: 8-trimc-thvi 
tetrahydroquinoHne. It separates from alcohol in loiii: ncecHt? 
melting and decomposing at 227°; 

0'1901 gave 0’1130 Agl. 1 = 31-8. 

0,91124X1 requires I = 33'3 per cent. 

The available information concerning 2:6: ^d-rimethylriuiiioline 
(Panajotoff, Joe. cif.) is scanty, so the following additional facts are 
recorded here. 

The base itself crystallises readily in rhombs or diamond sliapctl 
plates, inciting at 45 — 46°, and boiling at 266— 267° 780 m])! 
(Panajotoff gives 260°/ 719 mm.). 

The hydrochloride and hydrohrornide form colourless prhui!; 
melting at 207° and 172 — 173° respectively. 

The hydr ’iod'uh' crystallises in stout, yellow prisms, melting at 
223 224°. ' 

The platinichloride is a buff-coloured, micro-crystalline powder, 
melting at 206—207°. 

The picrate forms bright yellow prisms, melting at 187— 1895 

The CL-d.-cnwj}horiiuliih<)nafe melts at 231 — 232°. 

It has also been shown that tlio corresponding aldol bases formed 
from p toluidinc and acetaldchydo in acid solution {Joe. rh., p. 643t 
are transformed, on heating alone or on treatment with acids, into 
a mixture of 2: 6-diinethylqiiinoline (p-toluquinaldine) and 2: G-di- 
methyltetrahydroquinoline in cquimolecular proportions. 

It has been found tliat the bimolccular etliylidenexylidine, 
(C](|H^3X)2, which can be produced from the aldol bases and 
7n-4-xylidine, or from the latter and acetaldehyde in alcohol solution 
{loc. cit., p. 640), when treated with acids, is very rapidly trans- 
formed into a mixture of the salts of xylidine, 2:6: S-trimetliyl 
quinoline, and 2: 6: 8-trimethyltctrahydroquinoline; xylidine can 
be separated from the quinoline derivatives by distillation, and tlie 
two last are then separated as described above. The aldol base.' 
from aniline have not been prepared, but this modification allows 
of the synthesis of 2-mcthylquinoline (quinaldine) and its tetra- 
hydro-derivative from aniline by the following process. 

One hundred grams of aniline are treated at 0° with 50 c.c. ot 
commercial “ concentrated ” acetaldehyde with continual stirring, 
the resulting viscous mass is at once dissolved in about 800 c.c. 01 
hydrochloric acid (about o.V), and heated to 100° for an hour. 
The solution is rendered alkaline, and the bases are separated and 
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Fifty grams of aniline are recovered, and about 25 grams 
.! a mixture of bases, boiling at 235—255"^, are obtained. This 
„,i\ture was separated by benzoylating and removal of the 2-inethyl- 
.j iiiioline by means of acid, and in two experiments iS and 4*9 
Jjains of 2-methylquinoIine were obtained from 10 grams of the 
jKixtiire. The benzoyl derivative of 2-methyltetrahvdroqninoline, 
,,i,.-iiing at 119—120*^, was also isolated, thus showing that 2-methyh 
jjUitu.iline and its tetra-hydro-deiivativo had been produced in 

tqiiiinolecular quantities. 

Commercial “ quinaldino '' always contains some of the tetra- 
Jiyilro-derivativc, and a specimen obtained from the Actien 
Ccsollschaft fiir Anilin-Fabrikatioii was found to contain about 
11 la 16 per cent. 

The expenses of this work were partly defrayed by means of grants 
[•(reived from the Government Grant Committee of the Royal 
Society, for which we are glad to make this grateful acknowIed<r- 
itiont. "" 

Univecsity Chemical Laloratokv, 

Camisuidgk. 


XlAil— Experiments on the Fonnation of 4(or 6 )- 
f-Am inoethyhjlyoxaline from Hididine. 

By Akthur James Ewixs and Frank Lee Pvman. 

'l(or5)-^-AMiNOEin\’LGLYOXALiNE, (lie basc derived from tlie 
na( orally occurring amino-acid histidine (a-amino .S-glyoxaliiie- 
4(or a)-propionic acid) by the removal of carbon dioxide from the 
latter has recently become of considerable interest and importance 
on account of its occurrence in extracts of ergot (Barger and Dale 
Trans.. 1910, 97, 2592) and very great physiological activity (DalJ 
and Laidlaw, /. Physiol, 1910, 41, 318). It has hitherto been 
r>btaiaed by two methods: (1) by synthesis ; (2) bv tlie action of 
putrefactive organisms cn histidine itself. 

synthesised by Windaus and Vogt {Ber., 1907, 

• .1) from ^-glyoxalinc-4(or 5)-propionic acid by Curtius's 

-nr ^^^kermann {Zaifsch, yhtjml Chan., 1910, 

>0 ) has succeeded in obtaining a relatively large yield of the 
n the putrefaction of histidine. 

method is very satisfactory, since the first is somewliat 
rin- f^xpensive, while the yields are by no means good, 

ccond method is wholly uncertain in its results. The object 

A A 2 
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of our investigation therefore to endeavour to find a simpig 
method of obtaining the base directly from histidine, i; 

comparatively easily obtainable. In this we were only partly suc' 
ccssful, since we were able to obtain only moderate yields of the 
base by the action of acids in sealed tubes at a temperature of from 
265^ to 270°. This last factor (temperature) made it a leatier of 
very great difficulty to obtain anything like large amounts of fhe 
base. The results obtained, however, were deemed of sufficieDt 
interest to form the subject of the present communication. 

Expei'iniciits were first carried out to determine whether, as in 
the case of the formation of ^-hydroxyphenyletliylamhie 
tyrosine, carbon dioxide could be removed from histidine by cliiect 
heatiiK^. It was found, however, that under varying condition 
only a very small amount (O' 3 to I'O per cent) of base could be 
obtained, and the method was abandoned. 

Ey directly heating the ]noiiobenzoyl derivative of histidine and 
subsequently hydrolysing, a somewhat better yield (10 to 20 per 
cent.) of ilie base was obtained. 

The effect of various acids under varying conditions of tem- 
perature and concentration was then investigated, and it was found 
that yields of base amounting to about 25 per cent, of the thcorelical 
could be obtained with concentrated hydrochloric acid, moderately 
dilute sulphuric acid, and fused potassium hydrogen sulphate under 
suitable conditions. After heating for three hours with acids at 
temperatures below 240°, no formation of 4(or 5)-^-ammoetl]y!- 
glyoxaline took place. At about 240° very little of the base 
obtained, the main product of the reaction being r-histidine, whicl; 
had previously been prepared by Fraiikel [Beitr, Chm. Vhjm’. 
rath,, 190G, 8, 156) in a similar manner. As the temperature to? 
raised, the yield of base gradually improved, and reached^ a 
maximum (about 25 per cent, of the theoretical) at about 26o— 2(U . 
Further increase of tenqrc rat lire led to diminished yield 0 i 
4 (or 5 )*)B-amiiioetliylglyoxaline. With phosphoric acid (14 per 
cent.) at 250°, no base was produced, nor did the use of hydrogen 
bromide in acetic acid solution at somewhat lower temperatuiu 
yield any better results. _ 

The progress of tlic work was very greatly facilitated } ^ 

physiological estimation of the yield of base in many of om experi- 
ments. This was kindly undertaken for us by Dr. II. 

Dr. P. P. Laidlaw, to whom we wish to express our hue e 

and thanks. , 

During the course of tho investigation some hitherto unae 
salts of histidine and 4(or 5 )-/ 3 -aiDinoethylglyoxaluic were prep 
and are uow described. 
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Experimental. 

Jhe Action of Concentrated Hydrochloric Acid on Hhtidine. 

One gram of histidine hydrochloride was hea-tod in a sealed tube 
vdth 2 c.c. of concentrated hydrochloric acid to 270® for three hours. 
Tlic solution was concentrated and neutralised. To the boiling 
.n’ulion was added an excess of solid picric acid. On coolingj a 
(iv.stalline precipitate separated, which was collected and freed 
iroin picric acid by extraction with ether. The residue, when 
rccry.'^tallised from water, gave 0'2 gram of 4(or 5)-i8-aminoethyl- 
^lyoxaline dipicrate, melting at 233 — 235®. 

The Action of Dilute Sulylniric Acid, 

(a) At 265 — 270®. — Two grams of histidine monohydrochlorido 
were heated in a scaled tube to 265—270® for three hours with 
1 c.c. of a 20 per cent, aqueous solution of sulphuric acid. The 
reaction product (a dark brown liquid) w'as treated with sodium 
carbonate solution until no further precipitate separated, filtered, 
and the filtrate neutralised and concentrated to about 15 c.c. An 
equal volume of cold saturated aqueous solution of picric acid Avas 
added, and the amorplious precipitate quickly collected. To the 
filtrate was added 1'5 grams of picric acid in hot saturated aqueous 
solution. A little resinous precipitate was removed from the hot 
solution, and the crystalline precipitate, which separated on cooling, 
was recrystallised from hot water. There was thus obtained 0*85 
gram of a picrato (m. p. 228—229®), which crystallised in bunched, 
slightly curved, pointed needles. Repeated rccrystallisatiou did not 
raise the melting point above 233 — 234®, and analysis showed the 
salt to be the hitherto nndescrihed h)-^-aminoethjlglyoxaHne 
7tionojncrate : 

0-0978 gave 0*1396 COo and 0-0282 0-38*8; II = 3-2. 

Cj;[Hj, 207 N'g requires 0 = 38-8; n = 3-5 per cent. 

Tile monop ic rate, on recrystallisation from a large excess of picric 
acid solution, readily yielded the dipicrate corresponding in all 
respects with that described by Wiudaus and Vogt {loc, cit,), 

4(or 5)-^-i4 minoetliylrjhjoxalii} e Dihijd roh roniide. 

The dihydrobroraide was prepared by thoroughly shaking the 
fmely powdered dipicrate with ether and a sliglit excess of dilute 
liydrobrornic acid until all the dipicrate had disappeared. The 
aqueous solution of the hydrobromide thus obtained was then freed 
fiorti picric acid by means of ether, digested with a little animal 
cliarcoal, filtered, and evaporated to dryness in a vacuum. The 
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residual brown gum became crystalline on the addition of absolute 
alcohol, and the salt was then purified by recrystallisation from thi. 
solvent. 

The salt forms stout, colourless, prismatic needles, wliich melt 
to a brown liquid at 284° (corr.), after gradually darkt-ihug and 
sintering from about 265®. It is very readily soluble in water, 1 ,^ 
sparingly so in boiling absolute alcohol. It is anhydrous : 

0T20O gave 0 0957 CO|> and 0’0440 H^O. C = 21*7* H — 4 ' 1 , 
G'jH()Nj. 2 HBr requires C = 22’0; II = 4T per cent. 

(h) .1^ 240— 250®.— Seventy grams of histidine moiioliydro. 
cliloridc were heated in sealed tubes with 140 c.c. of 20 per (.ent. 
sulphuric acid for three hours at 240—250® in quantities of n^t 
more than 4 grams of histidine in one tube; even under .tlif^e 
conditions tubes representing 23 grams exploded. The reaclioii 
product from the remaining lubes was worked up exactly as 
described above. There was thus obtained 267 grams of a picratc, 
which melted at 180—190®, On extracting with absolute alcoliol. 
the greater portion dissolved, and the sparingly soluble residue, 
after recrystallisation from water, gave 4-3 grams of 4(or 5}-/3-amiiio- 
ethylglyoxaline dipiciate. The alcoholic extract was evaporated 
and the residue, on crystallisation from water, gave 16'G grams oi 
pure r-histidiiic dipicrate 

i-Histuline dtyicratc crystallises from water in thin, yellow plate?, 
which contain two molecules of water. After drying at 100^ it 
begins to sinter at 182®, and decomposes at 190® (corr.). It is 
readilv soluble in alcohol or hot water, but sparingly so in cold 
water ; 

01660- lost 0-0091 at 100°. H.O = 5-5. 

requires HoO =5 5 per cent. 

01468 t gave 01906 CO^ and 0 0356 HoO. C = 35'4; 11 = 2-7. 
0-1364 1 . 1 , ®4'0 c.c. at 23® and 766 mm, K = 20-5. 

requires C- 35 - 2 ; H-2-5; N = 20-6 per cent. 

This salt readily gave the diliydrochloride, which sinters and 
melts at 225® (corr.) : Frankcl {lor clt.) gives 220®. 

r-liUtldine tir^.qulJ^ijdnK'hhnidr^ (C(;Il9O2N3);^,3TTCl,IIo0, cr}S- 
tallises in clusters of flat, prismatic needles when the diliydr^ 
chloride is crystallised from dilute alcohol (for instance, when it is 
dissolved in about twice its weight of -water, and four times its 
weight of alcohol is added). This salt melts at 168- 170® (corr.l, 
and sufler.s no loss in weight at 100 ® : 

01ol3gave0'1840 CO., and O'OTSl H 3 O. C = 33-2; 

0-1270 ., 0-15,30 COo „ 0-0644 HoO. C = 32-9; H=3-<- 

t Dried at 100”. 


Air-drid salt. 
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0 1570 gave 0 1555 AgCl. Cl-24‘5. 

(.1259 „ 0‘1251 AgCl. Cl-^24‘6. 

(CgHgOoN3)2,3HCl,H.O requires C = 32‘9; H = 5‘3; 

Cl = 24'3 per cent. 

The composition of this salt is peculiar; there is no evidence of a 
.liiular salt of the natural histidine (compare Abderhaldcn and 
Kuibock, Zeifsch. 'physi<d. 67/ cm., 1909, 62, 322). 

\-!{l<fi(Jlne monojnerate crystallises from water in large, flat 
wliich are sparingly soluble in hot water and almost insokblc 
in alcohol. This salt decomposes at 180 -181® (corr.), after sinter- 
ing^ from about 175°. It contains one molecule of water of 

nrvstallisation : 

lost 0-0185 at 110°. H.0-4-6 

Ci^HjoOgNf^HoO requires H20 = 4 o per cent. 

0 1825 T gave 6-2515 COo and 0-0531 H.,0. C-37-6; H-3-3. 

CioHjoOgNg requires 0^37 5; H^3-2 per cent. 

When this salt is dissolved in a hot a(] neons solution of picric acid, 
tlic dipicrate (m. p. 190°) separates on cooling. 

For purposes of comparison, attempts were made to j^repare a 
mono- and di-pimate of naturally occurring histidine. Histidine 
appears, however, to form only a dipicrate. 

{{ 'i^t'idlne difiemte crystallises from water in long, flat, clear, well- 
formed leaflets, which sinter at about 80° and melt at 86° (corr.). 
It appears to contain two molecules of water : 

01591 *gave 0-1927 CO. and 0-0452 H.O, C = 33-0; H = 3-2. 
CiaHjjOj,3iS!(,,2H.O requires C — 33-3; IT — 3-0 per cent. 

The Aet'wn of Potass^ium Hydroyen f^uyhate on Histidine . 

Twenty-five grams of potassium hydrogen sulphate were fused in 
a beaker heated by an oil-balh and 1 gram of histidine monohydro- 
cliloride was added; considerable frothing occurred, and the inixiure 
had to be stirred frequently. After heating for various lengths of 
lime at different temperatures, the reaction product was dissolved in 
water, neutralised with potassium hydroxide, digested with animal 
charcoal, cooled, and filtered from charcoal and potassium sulphate. 
The filtrate was again concentrated, separated from more potassium 
sulphate, made up to a known volume, and the yield of 
4(or 5)-/J-aminoethylglyoxa-line determined physiologically. Heating 
at an oil-bath temperature of 260 — 270° for one hour gave the best 
yield of the desired base, but the maximum only reached about 
5 per cent, of the theoretical. A modification of this method, in 
which liistidinc monohydrochloride was heated with ten times its 


* Air*dritd salt. 


t Dried at 110°. 
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weight of potassium hydrogen sulphate in sealed tubes at 2*35^9-- 
for three hours, gave yields of 20 to 25 per cent, of the thoorethg] 
as indicated by physiological estimation. 

The Formation of i{oT:^)-^-Aminocthjlglyoxalvne from 
histidine. 

Monobenzoylhistidine was prepared by the Schotten-Bauinanu 
method, as indicated by Frtinkel (loc, cit.). It was, however, 
to be quite unnecessary to carry out the precipitation with inerciirjc 
chloride described by him. On neutralising the solution after tlip 
reaction is complete, the pure benzoyl derivative separates ver- 
quickly on simply keeping. 

One gram of benzoylhistidine so obtained was heated in a vacuum 
at 240° until all frothing ceased. The black, tarry mass was 
solved in 2 c.c. of concentrated hydrochloric acid, and hydrolv-pd 
at 180°. The contents of the tube were washed out with wat^r 
and the separated benzoic acid collected, the filtrate extracted witl] 
ether, and the aqueous solution neutralised. An equal volume of a 
solution of picrolonic acid in water was added, and the bulb 
amorphous, yellow precipitate collected. The filtrate was con- 
centrated to small bulk, and a concentrated alcoholic solution of 
picrolonic acid added. After some time, 0’47 gram of 4(or 5)A-aminn- 
ethylglyox aline picrolonate w^as obtained, crystallising in hunched 
needles, and melting at 262 — 264° (Windaus and Vogt, loc. cii., 
give about 266° 

AVFLLfOMr I’liTSTOLOGicAL IIeseaiich Laboratories:, 

Herne IIitl, S.E, 

AVeLLCOIUE ClIEMliAL 'W.ikKS, 

Dartford, Lent. 


— The Xitrafiun of Acetijlhoizoin and vf 
St ilhc/f i edio J D ia cefrA tes. 

By Arthur Gordon Francis and Charles Alexander Iveani. 

The object of this investigation lias been to obtain some imsym- 
metrical derivatives of benzoin, such as the nitro-compouuds, with 
the view of examining their stereochemical and desmotropic relations. 
The action of nitric acid on benzoin and some allied compound? 
offers several points of interest, Benzoin itself, as is well known, 
is oxidised to lienzil when heated wdth ordinary concentrated nitnc 
acid, but with fuming nitric acid at 0° ^Miitrobenzil is also obtaine . 
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is less readily nitrated; on heating it with fuming nitric 
' two nitro-groups are introduced to form two isomeric dinitro- 
. . .^npounds, melting respectively at 131° and 147° (Zaguraenny, 
]*uss. rhi/s. Chem. Soc., 1873, 4 , 278); mononitrobenzils have 
i been obtained directly from benzil The action of nitric acid 
,.n acetvl- and on benzoyl-benzoin has been studied by Zinin 
ipnalen, 1857, 104 , 116). From acetylbenzoin he obtained a 
1 . ixture of two nitro-compounds, neither of which, however, appears 
Ut liavc been isolated in a pure state or submitted to more than 
;i preliminary investigation. The nitrobenzoyl compound lie 
ulslaiiied pure, and isolated it in rliombic tablets, melting at 137°. 

Witli the object of preparing nitrobenzoin, attempts were first 
iiiiide to hydrolyse nitrobenzoylbenzoin, but it was not found 
posdblc to effect this decomposition with any hydrolytic 
a'::cnts, as complex condensation products, which are still under 
investigation, invariably resulted. In order to obtain a 
loss stable ester, ;j-nitroacetylbenzoui was prepared, but con- 
ilcnsation products were similarly formed on hydrolysis, and 
all attempts to obtain ;?-nitrobenzoin by the action of hydrolytic 
ai^^ents from it were unsuccessful. Attention was then directed to 
the nitration of the geometrically isomeric stilbenediol diacetates 
prepared by Thiele (. 1 1899, 306 , 142). These compounds 

are so readily hydrolysed to benzoin that it appeared probable that 
ijv effecting the nitration in absence of hydrolytic agents, nitro- 
L'ornpoimcls of the diacetyl isornerides might be obtained, from 
which nitrobenzoin could be prepared. The experiments conducted 
with this object in view resulted in the formation of benzoin mono- 
nitrate and a small quantity of a substance, possibly nitrobenzoin, 
which is still under examination, together with benzil. Both the 
a-stilbenediol diacetate melting at 153° and the iS-compound melting 
111 110° act similarly towards nitric acid, except for the fact that 
the isomeride of lower melting point is partly converted into the 
a-compound under tlie conditions described below. The action of 
nitric acid may be represented by the following equations, the final 
formation of benzoin nitrate being due to a molecular rearrange- 
ment. as in the preparation of benzoin from the stilbenediol 
diacf rates : 

C,H •C*0'C0‘0H- CAF/C-O-CO-CII, 

I NO,, OH = " ■' 

CiH^'OOOO-CH, ’ CfH.-U’O'NOj 

'V.II/C-O-CO-CHg C’lHj-C-OH C|,H,-C-0 

: ' + H.,0 ■ j 

‘■.ll.n-OO-XO, CjHj’C-O-NOo C,,H,;(JH-0-N02 

riiis dilfcrcncc in the bciiaviour of acetylbenzoin, beiizoylbenzoin, 



846 


rUANCIS AND KEANE: THE NITRATION OF 


and of the stilbenediol diacetates towards nitric acid is shared bv 
several other reagents, and similar differences have aho beeii 
observed with some of their derivatives. These reactions are 
further investigation. 

Experimental. 

Nitration of Ar.tfylhcnzovn. 

Zinin {AnimUn, 1857, 104 , 120), Jena and Limprechi 
1870, 155 , 92), and Papeke (/irr., 1888, 21 , 1336) have all prepared 
acetylbenzoin, but give different rneliing points for the compound, 
namely, below lOO’^, 75°, and 83° respectively. It is best prepared 
as follows: 200 grams of benzoin arc added in successive ^niall 
quantities to a mixture of 25 c.c. of concentrated sulphuric acid 
and 500 c.c of acetic anhydride kept cold in running water; the 
mixture is kept for some time, poured into water, the precipitate 
collected, and rccrystallised from 90 per cent, alcohol. The product 
thus prepared melts at 83°, agreeing with the value given bv 
Papeke. A practically quantitative yield is obtained by this 
method of preparation. 

Two methods of nitration were employed. 

J/cf/ioc/ 1 . — For the nitration by. this method, 400 grams of 
fuming nitric acid are cooled to 0° in a freezing mixture of ire 
and salt, and 200 grams of finely powdered acetylbenzoin gradnalK- 
added. The acetyl compound must be thoroughly dry, free from 
odour of acetic acid, and finely powdered, and the teiupcrature 
must be kept within a degree or so of 0° ; if it falls mucli below 
this temperature, considerable cpiaiitities of benzoin art? fontied, 
and above this temperature the amount of benzil formed is 
increased. The deep red solution thus obtained is poured at once 
into ice-cold water, when a pale green oil separates, which is well 
washed by decantation with water. After some time this sets to a 
semi-solid mass, from which the nitro-com pound is separated by 
treatment with successive small quantities of ether, whereby tbe 
adherent oil is removed. The residue is recrystalliscd from 90 per 
cent, alcohol. A yield of 20 per cent, on the weight of acetyl- 
benzoin taken is obtained. 

Method II . — Five grams of acetylbenzoin are treated with 25 c.c. 
of acetic anhydride, 4 c.c. of concentrated sulphuric acid, and 1 < 
grams of recently fused and finely powdered nitre at a temperature 
of — 15°. The nitration is carried out as in the case of the 
stilbenediol diacetates described below. A yield of 40 per cent, on 
the weight of the acetylbenzoin taken is obtained. 

p-Nitroaretj/fhtii:oin crystallises from 90 per cent, alcohol in 
brilliant, almost colourless leaflets, and melt^ at 125° (uncorr.). t 
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sparingly soluble in ether or light petroleum, readily so in 
hloroforni. acetone, or benzene, and somewhat less so in boiling 
■i.i per cent, alcohol or glacial acetic acid. It is decomposed by 
k.'dis in either aqueous or alcoholic solution, with the formation of 
condensation products, as stated above: 

' .V :^064 gave0'4846 CO^ and 0-0834 H.O. C = 64-03; H = 4“48. 
0-5C40 24-0 c.c. (moist) at 20° and 755 mm. N-4-83. 

0-7421, in 20 c.c. alcohol, gave E — 0-19°. M.W. = 305. 

C.-HjaO^N requires C=^64'20; H — 4-35; N — 4’68 per cent. 

' ' M.W. = 299, 

When heated with nitric acid (D 1'40), p-nitrobenzil, melting at 
I Jit-. is formed. (Found, N = 5'34. Calc., K = 5-49 per cent.) 

Wlicn oxidised with a mixture of sulpluiric acid (25 grams of 
(’(HK'Cutrated sulphuric acid in 25 c.c. of water) and an approximately 
normal solution of potassium dichromate, it is completely hydrolysed 
and oxidised to acetic acid, benzoic acid (melting at 122°), and 
yi-nitrobenzoic acid (melting at 237°). Care must be taken to have 
alwavs an excess of dichromate present during the oxidation, other- 
wise acidic condensation products result, Benzoin, under precisely 
tlic same conditions, yields molecular proportions of benzaldehydc 
and benzoic acid. From this it follows that the nilro-group is in 
tile para-position in the phenyl radicle connected with the carbon 
atom of the secondary alcohol group, so that the nitroacetylbenzoin 
lias tlie structural formula : 

NO./CcH^-CH(0-CO-CH3)-CO-C,;H-. 

( 1 ) " (0 

The ideal iiy of the p-nitrobcnzoic acid formed in the oxidation 
was confirmed by titration with alkali. (Found, M.W. — 166-4. 
Calc., M.W. = 167.) 

yitrafion of the SfUhene.diol Diaerfates (a, rnvft'unj ul 153°, and 
melthuj at 110°). 

Forty c.c. of concentrated sulphuric acid are added, drop by 
drop, to 250 c.c. of acetic anhydride kept cold in a freezing mixture 
of icc and salt; when the temperature lias fallen to —15°, 45 grams 
of the finely powdered /3-stilbeiiediol diacetale (melting at 110°) are 
added, and then 17 grams of recently fused and finely powdered 
nitre in small portions at a time and with constant shaking, care 
lioiiig taken to keep the tcnipcraturc at - 15°. If the diacetate be 
added to the mixed acid, anhydride, and nitre, no benzoin nitrate 
i.s formed. When all the nitre has been added, the solution, which 
IS clca.r and red in colour, is poured into the bath liquor, cooled to 
-l'>°, and the whole stirred until solid. The supernatant acid 
liquid is then decanted, the residue being thoroughly washed by 
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decautation, and collected. The bulk of the benzil present i, 
removed by washing with ether, and the residue purified by fractional 
crystallisation from 90 per cent, alcohol. The products isolated 
consisted of: (1) benzoin mononitrate, melting at 167° o grams- 
a-stilbenediol diacetate, melting at 153°, 3 grams ; and the substance' 
melting at 188°, 1 gram. 

The amount of a-stilbenedioI diacetate formed increases 
decrease of temperature; at 0°, 5 per cent, of the jS-diacetate used 
is obtained, at -15°, 7 per cent., at -25°, 10 per cent., ivliilst no 
benzoin nitrate is formed either at 0° or at - 25°. 

The a-diacelate, melting at 153°, gives a somewhat better yield of 
benzoin nitrate, 25 grams yielding 2 grams of benzoin nitrate, 
meltinfr at 167°, and 2 grams of unchanged a-diacetato, melting at 
153°, None of the jS-isomeride is formed in the reaction. 

Benzoin, wononitrate crystallises from 90 per cent, alcobol in 
beautiful, colourless plates, and melts at 1G7° (uncorr.). It is verv 
sparingly soluble in ether, light petroleum, or cold 90 per cent, 
alcohol, but dissolves fairly readily in boiling 90 per cent, alcohol. 
On hydrolysis with potassium hydroxide, it yields benzoin and 
potassium nitrate, and on heating with concentrated nitric acid it 
gives benzil. Tlie complete combustion of the nitrate is exceedingU- 
difficult, as it burns explosively; the analytical results, however, 
leave no doubt as to the composition of the compound : 

0T4‘61 gaveO'3482 CO^ and 0'0732 ILO. C=^65*0; 

0’1891 „ 8-70 c.c. N^ (moist) at 15° and 762 mm. N = 5'41. 

0'2090 „ 9-25 c.c, No ,, ,, 14° „ 763 mm. N = 5'23. 

0'1838, in 20 c.c. alcohol, gave E^0'16°. M.W.~238, 

requires C-65‘37; n = 4-28; N-5-45 per cent. 

M.W.-257. 

The substance melting at 188° is very sparingly soluble in 90 per 
cent, alcobol, but can be obtained crystalline from this solvent in 
fine, light yellow needles. It is iimdiangcd by boiling with potassium 
hydroxide" and is therefore not a nitrate; its composition corresponds 
with that of nitrohenzoin : 

0-3482 gave l(v4 c,c. No (moist) at 13° and 760 mm. N^5-5(. 
CijHjjOiN requires N=-5-45 per cent. 

(.:)ir,Mi.<rt;Y Dkiwrimcxt, 

The Sij; .John Tci JiNUJAL Inmitute, 

AhDfiAii:. K.C. 
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V. Studies of the Processes Ope.ratlve ///,. Sohftlojis. 

part XIL^ The Apjxtrent Ihfdratiort Vni>{rs of 
the Acid Systems and of Saits deduced from a 
Study of the Hydrolytic Activities of Acids, 

]]v Fi^ederick Palliser Worley, M.A., M.Rc., New Zealand, 
Leatliersellers' Company's Research Fellow, City and Guilds of 
London Institute, Central Technical College. 


Tin: first communication of this series was an account of experi- 
iiients made with the object of studying the influence of various 
•‘neutral” substances, both electrolytes and non-electrolytes, on 
the sucroclastic activity of chlorhydric acid; in the third, similar 
experiments with nitric acid were described; in the soventh, the 
relative activities of the two acids and of sulphuric acid were com- 
pared from several points of view; in the eighth, tho nature of the 
influence on the hydrolytic activity of acids exercised by salts was 
considered more broadly than in previous commiiiiicatious, especially 
with reference to the peculiarities apparent in the case of weak 
liydrolytes. 

The present communication is an account of a closer and more 
complete study of the behaviour of cane sugar iu aqueous solutions 
towards chlorhydric and nitric acids and of the influence of salts 
on the rate of change than was possible heretofore with the 
appliances at disposal; although undertaken with the object of 
obtaining the data for a full discussion of tlie jirocesses operative 
in hydrolytic changes, it has afforded results that render the careful 
consideration desirable of the extent to which the polarimetric 
luetliod may be used as a method of following the course of a 
cliernical change. It was felt that the experimental difficulties 
attending such an inquiry had not all been overcome — particularly 
that it was necessary to secure more complete control over the 


f]i(' previous puns of these studies (I — XI) ui-c pnldislicd in the Proceedings of 
tljc Royal .Society, A, 1906, 78 ; 1907, 79 ; 190S, 81 ; 1910, 84. A summary of 
till- work is given iu No. XIX. {Cham. Aeuw, 1911, 103, 97). AlteiUiou nuiy be 
tidied to certain departures from tlie conventiduul noiueiicluture adopted iu the 
''"iiiinunications. The compound reprosoiited Itv the foruiuhi IlL'l is termed liydrogcn 
' luorido, notliydrochloric acid, tor reasons ad\ ocate<l by me as far back as 1SS5 in 
Jny address to the Chemical Section of tlie British A.ssoeiation in Aberdeen ; the 


that is formed when hydrogen chloride and water is spoken of as 

eldoriiydric acid. Tn like manner, the com])Ouud formulatcul as ilO’NO.j is spoken 
C'l Ub hydi'ic nitrate, the solution of this compound iji water being alone spoken 
el a-, nitric acid. Tlie object iu view iu adopting this course will be discussed iu 


.1 hlv 


object iu view iu adopting t 
eomniunication. — IIekry h. Armstrong. 
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temperature conditions — and that if the refinements of wliifij jjj 
account has been given previously (IX) Vr’ere introduced the errori; 
would at least be reduced to a minimum, so that it woiud be 
sible, with a close approach to certainty, to determine the direction 
in which departures from constancy took place as the action pro. 
gressed or when the conditions were varied. 

In previous work, cane sugar has been used as the hydrolvte in 
order to ascertain the effect produced by various substanct^e on t!ie 
course of change; the inquiry was undertaken in the hope tliar 
ev'idencc would be obtained as to the state of the substaTiccs in 
solution. 

The changes undergone by the sugar and their possible inlincnoe 
on the course of change have scarcely been taken into consideration 
hitherto. It has always been assumed tacitly that the resolution 
of the sugar molecule into the two liexose molecules is without 
influence on the result but it is difficult to believe that this is the 
case, as the increase in the number of molecules in solution num 
affect the osmotic ’’ conditions and must give rise to disturbances 
of some magnitude : if such changes be not apparent in the result, 
it must he because compensating influences are at work \Yhicb mask 
their effect. 

Again it is customary to suppose that it is unnecessary to take 
into account the water which disappears as hydrolysis proceeds-on 
the ground that this forms only a small proportion of the total 
amount present; it appeared to be desirable to ascertain the limits 
within which tliis argument held good and within which the 
observations might be reduced on the assumption that only a single 
changing substance is to be considered. 


Di’tf^nnbuition of the End-foint in the case of Co^icenfraitd 
Solutiotis, 


It has been customary to follow the course of change with the 
polarimcter, ol)serving the rotatory power of the solution at known 
intervals of time, a final oliservation being made to determine 
the '• end-point when the change is judged to he complete. This 
determination is of primary importance: if the end-pmiit he 
determined incorrectly, it is impossible to deduce a correct value of 
K in the mass-action equation : 


At an early stage of the inquiry, doubt arose as to ihc propriety o 
ibe method usually adopted. When observations were ca^rie on 
during a considerable period, the disquieting fact was disclosed t a 
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[liP action did not come to an end. Thus, in an experiment with 
/.ne molecular proportion of cane sugar, one of hydrogen chloride and 
. ,,-tv of water, the solutions were mixed at 10,35 a.m, on a Friday 
.rid readings were taken at intervals until 9.15 a.m. on the following 
l,!v: bv four o’clock on Friday afternoon, the rotatory power had 
laiicn to 161*34° (the zero being approximately 180°); at five o’clock 
r. was 161*22°; from six until eight it was constant at 161*20°; 
it then began to rise, the readings being 161*21° at 9 p.m., 161*25° 
at rh30 a.m., 161*28° at 3 a.m,, 161*30° at 6.30 a.m., 161*335° 
at 9.15 a.m. Under the usual conditions, the final reading would 
nvit have been taken probably until several hours later, when the 
I'iita.tory power would have risen still further. 

Mveii in the case of much more dilute solutions, the rise is easily 
(h iccted. In an experiment made with only a tjuarter as much 
.suirar as in that above quoted, the solutions were mixed at 10.20 
a.m. on Friday; at 2.30 p.m. the reading was 174*86°, at 3.30 p.m. 
174*66°, at 5.30 p.m. and at 6.10 p.m. it lay between 174-65° and 
171 66°; by noon the next day, it had risen to 174*67° and by 3.45 
|) in. on Monday to 174'74°. 

Although, ill the case of dilute solutions, the change in the 
''end-point ’ is often so small as to be negligible, in the case of 
relatively concentrated .solutions it cannot be neglected. Apparently 
the rise is due to a change affecting one or both of the primary 
products of hydrolysis. It is to be supposed that this change sets 
in as soon as the hydrolysis begins and that it continues at an 
increasing- rate as the hexosos increase in amount, reaching a 
maximum toward.^ the close of the period of hydrolysis. 

The apparently constant minimum is reached when the change 
in the rotatory power due to the hydrolysis becomes as small as 
that due to the secondary change; it is not tlie minimum tliat 
would have been obtained in the absence of secondary change but 
a higher value. Moreover, when the end-point is deduced in the 
usual way from a single observation about twenty-four bouns from 
the commencement of the experiment, probably the minimum has 
Itcen passed and the rotatory power has increased, thus introducing 
a still greater error. 

The question arises wlietlier this change (which sets in at the 
beginning of the experiment) affects readings other than those of the 
eiul-point? In point of fact, there can be little doubt that its 
effect is so small at the beginning of the hydrolysis as to be 
negligible. To determine the rate at which the primary change 
occurs, however, it is necessary to eliminate the effect of the 
secondary change by finding the end-point that would have been 
reached if the primary change alone had occurred. 
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It is impossible to deduce a “ theoretical end-point, botii 
account of the effect of the catalyst on the rotatory power of the cant 
sugar and of the hexoses into which it is converted and on accouQ’ 
of the effect that the various optically active substances exercise 
reciprocally on their individual rotatory powers. The preparation 
of solutions containing the two hexoses and the acid catalvst. vdtl 
the required amount of water such as should remain at the dose 
of the experiments; if not out of the question, would be difficult 
on account of the trouble and errors involved in this procedure 

Fortunately it is possible to correct for the secondary ckiuc- 
in each experiment by determining the rate at which the change 
is taking place. For this purpose, after the rise becomes rcf^ular 
readings are taken at intervals of from eight to twenty-four hoim 
The total effect of the secondary change is then found by assuniiu? 
that it has continued at this rate from the time when half th 
sugar has been inverted. It is believed that this method afforh 
a very close approximation to the truth. The result is most con- 
veniently arrived at graphically. 

By proceeding in this manner, the '''' corrected end-point deduced 
in the case of the example quoted was 161 Tl°, whereas that 
observed directly iu the ordinary way would have been about IGI'4-, 


Evaluation of K. 
The formula, usually adopted, 


necessitates an initial reading giving the value a at any arhitiarv 
time and a subsequent series of readings giving a series of valiin 
of a- r after times I-,, t.^, etc. It is obvious that any error in 
the initial value affects all the values of K and also that as - 
increases observational errors are gradually obscured. On this 
account, a comparatively even set of values of K may be deduced 
from tolerably inaccurate otjservatioiis. There is the additional 
disadvantage that any real divergence from constancy in the vnhie 
of K will tend to be obscured. The difficulties are overcome ly 
using the formula iu the slightly different form; 

deducing values of K for equal intervals of time. 

To obtain values of K of convenient magnitude, AToge is mmt’ 
plied by lOh The values of K given in subsequent tables arc alway? 
those of Adoge x 10^ the unit of time being 1 minute. 

In this way any error common to the series, due to an error m 
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initial reading, is obviated; moreover, by making the interval 
. .,ae as small as the accuracy of the observations will allow, 
chaime in the value of A' due to a departure from the 
^ v-uilecular law becomes more obvious. If the interval of time 
-iiia.U, the sugar will be the only variable during the interval, 

; r i'haime in the water being negligible. It is legitimate therefore 
such conditions to treat the interaction as unimolecular ; any 
i<,'Mrture from the law wull he shown by differences in the values 
•■i A’ at different periods, as changes in other factors than the sugar 
jtcoiiu' significant. 

'I'lic values of K found by means of the above formula, using the 
'orrected end-points, show a marked regular rise as hydrolysis 
jrfH'oeds; previous observers appear to have overlooked this change. 

The following example may be quoted in illustration. The 
>x|>L'ri?nent was one in which one molecular proportion of liydric 
litiate and one of sugar were dissolved in sixty molecular pro- 
Dortions of water. 

Table I. 

from mixing 

inimnub's 15 20 25 30 35 40 45 50 55 75 95 

425-8 4-’6-0 427‘6 428'0 428*7 430*5 4.30*9 431'6 431*8 43*2*5 435*7 

The values of K are sliown by this example — only one of the 
Eiiany that might he quoted — to be inconstant. In less concentrated 
jointions the rise in the value of K is not so great but becomes 
iinperceptihle only in very dilute solutions. 

The method ordinarily adopted, by which the ultimate value of K 
is taken to be the mean of the various separate values, is clearly 
one which cannot be followed legitimately except in the case of 
dilute solutions : each separate value of A corresponds presumably 
witli some particular condition of the solution in which changes arc 
proceeding. 

If the rates of hydrolysis in different experiments under different 
conditions are to be compared, it is essential tliat the value of 7T 
corresponding with some particular condition should be determined : 
from this point of view, the value at the very commencement of 
the interaction is obviously that which it is most desirable to 
determine. It is arrived at in the following way. 

The solutions of sugar and of acid are prepared and mixed in the 
apparatus shov,'n in Pig. 1. This consists of two 100 c.c. Jena flasks 
connected by a bent tube, of wide bore, the ends of wdiich are care- 
fully ground to fit into the necks of the flasks. The acid is weighed 
Into mu* flask and sugar into the other together with the amount 
:Ot water necessary to effect the degree of dilution desired. The 
iSohiiions can be kept immixcd in such an apparatus until required 
VOL. xcix. B li 
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and then heated to the temperature at which the experii!](^nt is to 
be made and thoroughly mixed at that temperature without risk of 
loss by evaporation. The mixture is quickly transferred to th 
polarimeter tube and readings are taken as soon as the temperature 
is deemed to be constant. Values of K are then determined 15 
20, 25, 30, etc., minutes after mixing, the time interval bcina 
made as short as the observational error will allow. From these 
values, the value of K at the time 0 is found by extrapolation. 
Very great care and practice are required to secure sufFicientlv 
regular values; it is only when every attention is paid to the 

Fig. 1. 



adjustment of the temperature and to all recognisable sources of 
error that really trustworthy results are secured. 

The value of K thus determined is independent of the other 
changes going on in the solution. It is a measure of the rate of 
inversion, under dednite known conditions of concentration of sugar, 
acid and water, at the commencement of the period of change vhen 
the products of change are without influence. This value alone I'l 
he given throughout this communication. 

In the case of the example quoted above,, the value at the 
of mixing found by extrapolation was slightly below 424. « 

method generally used does not involve particular care being ta'c^ 
to obtain observations immediately after mixing but an interva, 
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■iliaps thirty minutes, is allowed to lapse before the initial reading 
' taken ‘ consequently, the values of K found by the ordinary 
J . Oiod are those at times beginning more than forty minutes after 
I- and continuing later than in the case of the above example; 
t’ values of K deduced by the method would lie somewhere between 
4 Id and say 438, giving a mean very different from the initial 
value arrived at by the method advocated in the previous section, 
iiiiuelv, 424. In more concentrated solutions than that referred 
to the rate of alteration of the end-point would be greater and the 
increase in the value of K greater, thus introducing the possibility 
01 still larger errors. 

In this connexion, it is necessary again to emphasise the extreme 
importance of a correct determination of the end-point, as a small 
alteration in its value causes a large alteration in each value of K. 
Jforeover, by slightly raising the end-point, the values of K are 
raised, tho later to a greater extent than the earlier; lowering 
the end-point has the effect of reducing the value of the later 
ivalucs being those most affected. It is therefore obvious that in a 
case in which the values of K should actually be of constant magni- 
tude, they may appear to rise or fall if the end-point determined 
bo too high or too low. 

Before the method of correcting the end-point by extrapolation 
bad been devised, acting under tbe belief that has been accepted 
hitherto that a constant may be obtained by applying the uni- 
Dioleciilar equation, attempts were made to deduce constant values 
of K by taking some value lower than that observed, which was 
obviously too high in many cases. It was found that if the 
observed values were but slightly adjusted, K could be 
made practically constant, varying in some cases less than 
a. single unit, over a considerable range, in a constant of 800. 
When, however, the corrected end-point was deduced in tho manner 
explained above, it was evident that the adjustment required to 
make E constant was not in correspondence with the observed rate 
of rise due to tbe secondary change but considerably greater. 
Moreover, when the change was followed over a greater part of its 
course than is customary, by adjusting the end-points constant 
values of K could be deduced only during the middle period — the 
period during which it has been customary to make the observations 
l^-thus emphasising the danger of making deductions from the study 
bf an interaction over a narrow range, 

i It is more than probable that in the past “constant’' values 
^ave not infrequently been arrived at because the impression has 

E revailed that the values should be constant and departures from 
niforrnity have been interpreted as experimental errors. 


li R 2 
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It remains to point out that the method advocated is appliQj^|j|^ 
only to the earlier periods of change during which the viiagnhurl, 
of the elTect produced by the secondary changes is negligible. 
is unfortunate that this is the case, as several of the ivuies to 
decided cannot be discussed satisfactorily without the knonledoe 
the course taken by the change tliroughout the entire period. 


Nature of the Interaction, 


The rise in the values of K in the example given in Uabk { 
cannot be attributed to the alterations made in the observed end- 
point, as the corrections introduced have involved the lowering 
the observed end-point : consequently the later values of K are 
reduced to a greater extent than the earlier values— in other word?, 
if no alterations had been made in the end-points, the rise in tbe 
values of K would have been still greater. 

A question now to be considered is whether the increase in 
value of K cannot be explained by the change in the active mass 
of the water. It has always been assumed that the hydrolysis ci 
cane sugar is a bimolecular change in which sugar and water botl 
take pa'rt and that when the change in the concentration ot tlie 
water becomes sign ill cant the rate of hydrolysis is expressed k 
the equation : 

dt 


_ ,7'^ representing the active mass of water. 

In any experiment, the several values of K deduced from tlie 
unimolecular equation : 


dx 
dt ' 


dx 


■■ K{a - x) arc those of the ratio dt 


In the bimolecular eciuation, this ratio is equal to 
K' being by liypotliesis constant throughout the expcnmeiit. 
K^h must decrease as the water is used up during liydrofe. 
In point ot fact, instead of diminishing, it increases; 
showing that taking into account the change of active mass ot t e 
water would merely accentuate the want of constancy; 
words, the hydrolysis of cane sugar by acids cannot be trea e a. 
simple case of bimolecular change in which meich \\aer 
sugar are the interacting substances. 

Besides the reduction in the active mass oi tiie 
important changes take place as hydrolysis proceeds, n P 

each molecule of cane sugar, two hexosc ^ tk 

existence ; changes also take place in the degree of associa i 
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v x-ious substances present in the solution ; the ratio of acid to water 
. .0 increases as water is used up; lastly, it is well hnowu that 
the rotatory power of cane sugar and of dextrose is but 
^M.'htlv alTected by changes of concentration, that of laevulose is 
5,-.il>jcct to considerable change. The changes in optical activity to 
U- considered, however, are not merely those which the various 
«.i(i)?!ances undergo in simple solutions; the task is the far more 
di'l'cult one of taking into account the changes which take place 
^;pdcr the reciprocal influence of the various substances in solution 

(.f the acids as well as of the various sugars. 

'fho alteration in the value of K as the interaction proceeds is 
undoubtedly the algebraic sum of all such influences aS have been 
referred to. It is improbable that the separate eflect of each of 
the influences pictured can be evaluated. It cannot be too clearly 
emphasised, therefore, that no positive deduction can bo made 
from the fact that K either remains constant or alters in value 
diirintr the course of an experiment— on account of the numerous 
secondary influences, which increase in magnitude as the change 
proceeds. 

]\Iorcover, if the influences referred to either detract from or 
increa.se the optical rotatory power of the solutions, it cannot be 
asr^orted that the optical change affords a true measure of the 
cciirsc of chemical change : if the rate of change in optical characters 
be not strictly proportional to the rate at which the chemical 
cliange proceeds, it is obvious that the results arrived at are not 
those sought for and do not afford a strict measure of the rate of 
chemical change. 

Whilst therefore the initial values of K determined by the optical 
method under different conditions may be used in comparing the 
changes which set in under these different conditions, it would 
seem that the method is of less value in studying the changes which 
;tho sugar itself undergoes under any particular set of conditions 
in an individual experiment. 

Although by far the most accurate as well as the simplest method 
of following the course of change, apparently the polarimctric 
method is an unsuitable method, if the object be to arrive at a 
quantitative interpretation of the entire course of change; the 
chemical method, which permits of the measurement of the products 
of an interaction throughout the period of change, would seem to be 
the only one that can be used for such a purpose. Unfortunately 
tlio experimental errors incidental to chemical methods are usually 
so considerable that the minor departures to be detected are likely 
to escape observation, apart from the fact that the labour involved 
is usually very great. 
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Rate at whieh Gant Sugar is Hydrolysed under 
Conditions of Concentration^. 

Although the effect of varying the proportions of sugar ai^^j 
acid has been studied more or less fully by previous ^Yorber'; 
systematic observations have been made on the extent to ivliict 
variations over a wide range in the amount of water present alicf 
the rate of change. 

At the outset of the inquiry, therefore, three sets of c.-iporiinent-' 
were carried out in each of which water was the variable " 
different proportion of sugar being used in each series in order that 
any influence exercised by the concentration of the sugar jaioi-r 
be discovered. In each series, a single molecular proportion^ of 
hydrogen chloride was present together with either one-quarter 

Table II. 

Hydrolysis of Cane Sugar hy One Molecular Proyoniou of 
Chlorhydnc Acid. 

Sugar. 


\ molyciikr ]>ropoilion. niolpcular proportion. 1 nioleciiiar {.roporii, 


Water. 

30 

K. 

12S2 


1282 

K. 

1276 

1-278 

1 

) 

1277 

K. 


40 

805 

806 
S06 
SOI 

1 

I 

806 

815-5 
818 -5 

) 

i 

Sir 

800 1 
799 

796 ' 

797 

799 J 

i 

oO 

.'..83 

fi7S 

579 

) 

I 

5-0 

585 

580 

1 

J 

582-5 

579 

1 «■: 

60 

419 

418 

1 

/ 

•118 -5 

455-5 

155 '5 

) 

S 

455*5 

455 J 

80 

303-5 


303-5 

307 


307 

307-5 

807-5 

100 

22 S 
229 

1 

f 

2-J8 "5 

230 

229 


229 -5 

228 ■ 
230 

j. ovQ-r 

m 

100-5 


100-5 

101 


101 

101 

101 


one-half or a single molecular proportion of sugar in a soiuiion 
containing from 30 to 200 molecular proportions of water. As in 
all other cases considered, the action took place at 25°. The results 
are recorded in table II. 

Influence of the Coiicentration of the Sugar. 

The values of A given in the table are deduced from 
made before the method of calculation explained in a previous 
section was developed. As the readings were taken some time after 
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i.xing the solutions, it was impossible to deduce initial values by 
. virapolation. In order to obtain comparable data, values of K 
v,ve determined at the stage of change when the action was 
.•iPjiroximatcly one-half or three-quarters complete; it was therefore 
i.'-'Uble to infer what amount of water was present and to deduce 
ji;o value corresponding wdth a definite concentration. When 
.i-ul'sequeutly the form of the curve expressing the relationship 
] ^ tween the values of K and the concentration of the acid was 
;i>cort.aincd, values were calculated by interpolation for solutions of 
the strength prepared; these arc given in the table.* 

The experimental errors involved in the determination are 
probabl}^ greater in the case of sohitions containing one-half and 
a single molecular proportion of sugar, as these wore first examined 
bfiore practice had been gained in utilising the various refinements 
referred to in the previous communication. * 

It is evident that changes in the concentration of the sugar have 
very little effect on the value of K at any of the dilutions con- 
sidered. It is impossible to say from the numbers whether the effect 
be to increase or to decrease the value as the concentration of the 
‘•ugar is increased from one-quarter to one molecule or whether there 
he no effect at all The values obtained in the case of the solutions 
containing half a molecular proportion of sugar are apparently the 
highest but, as already pointed out, the errors may well have been 
greater in this series than in the others; in fact, this must be 
assumed to be the case, judging from later experience. 

It is clear that when the solutions are dilute, the effect of con- 
siderable variations in the concentration of the sugar is extremely 
small Jjater on, when the method had been fully developed and 
more skill had been gained in carrying on the observation, the 
effect of an alteration of the concentration of sugar was again con- 
sidered — this time over a much wider range of concentration of 
sugar. In the solutions examined, the water and acid (nitric) were 
kept at a molecular concentration of 60 and 1 respectively, whilst 
that of the sugar was varied from OT to 2 '5. The results obtained 
arc displayed in table III and also in Fig. 2. They upset 
the accepted belief that the rate of hydrolysis is proportional 
to the concentration of the sugar wdien sugar is the only variable. 

I hose values are to be regarded a.s approximate, as the method by which they 
are deduced involves the assumption that the rise in the values of A" is conditioned 
eiii\ by the disappearance of water and tlie ronsequeiit coucentration of the acid, 
any other ]tossibl<! cause of alteration in the values of K being left out of account. 
In the ease of experiments with the smallest proportion of sugar (I molecular pro- 
I'ouioii), the errors involved must be very small, as in the wore dilute solutions of 
f'lis seiies no appreciable rise is manifest in the values of K throughout au expe.ri- 
iiKitl , even in those containing a small proportion of water tlie increase is uot great- 
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Table III. 


HiigiU-. 

At 

Mean, 

OT 

421 

421 

0-25 

422 

422 

1 0 

421 \ 

424 j 

424 

I'f) 

421 

421 

2'0 

412 1 

413 


413 1 

2'5 

403 

403 


As tlic concentration of sugar is increased, the value of K at fr;] 
rises slowly, reacliing a maximum when the molecular concentratioi] 
of sugar is approximately unity; it then decreases somewliat 


V ((■;. 2 , 



rapidly as the concentration of sugar is further increased. This 
behaviour is probably conditioned by a variety of causes and canno; 
well be regarded otherwise than as proof that the change iisuallv 
considered so simple is in reality of a very complex character. 

The change in concentration of the sugar as the sugar disappears 
in any experimoiit must affect the successive values of K but the 
method by wliich K is arrived at. explained in a previous section, 
serves to eliminate this effect, as the value determined is that which 
characterises the solution at the commencement, of change. 

Dffjree of Ihjtlroilon of the Add System. 

It is generally recognised that the rate at which sugar is liydiv 
lysed by acids is roughly proportional to the concentration of the 
acid. Nevertheless, it is very difficult to discuss the exact way m 
which the activity of an acid varies with the concentration, a.sitis 
clearly impossilde to vary the concentration of an acid in a known 
way. In an aqueous solution, the acid is combined with and in some 
way controls more or less of the water, so that if different amounts 
of acid he present the amount of uncombined water will vary 
accorvding to the amount of acid present : the amount of water 
combined in the acid system being unknown, it is practically 
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;,.u'0ssible to arrange that a definite proportion of free water shall 
,>\-)iesent in a given solution of the acid. 

Tlie dafa used in discussing this question are derived from 
■•xHcriinents with chlorhydric and nitric acids, in which only a 
Fio. 3. 



25 50 75 100 125 150 175 200 

Molecular ^uroporlim'^ of ivatcr. 


Table IV. 

ll of Canu Sinjur ( 1/4 Moh'cuhu' Pro-porthn) hy One 
Moltcular Proport ion of yitr/c And. 


Water. 

K\ 

ileaiK 

30 

1126 

1126 

40 

741 

739 J 

740 

50 

540 ) 



543 

510 


538 ) 


60 

422 \ 

122 ) 

422 

80 

292 ‘2 1 

292 '6 j 

292 '4 

100 

223 '1 1 

2227 / 

222 -9 

200 

lOO'l 

1007 

300 

63 '8 

63-8 
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quarter-molecular proportion of sugar was used; the values are 
those given in tables II and IV. They are shown graphically i, 

The rough proportionality between the values of K and tlie 
concentration of the acid which is obvious on considering the 
results recorded in tables II and IV is of such a character as to 
favour the assumption that the divergence from true p,o- 
portionality may possibly be due to the disappearance of water 
and that if allowance were made for the combined water pio- 
portionality would become obvious. This consideration has led 
to a novel method of discussing the results being devised; the 
results obtained by the application of this method are not only 
highly interesting but appear to be of a rational character. 


Fig. 4. 



The method is best explained by reference to Fig. Alwig 
the horizontal axis is given the total water present m 
proportions (one molecular proportion of acid being ^ - 

present), whilst along the vertical axis is given ,, 

product of K iuln the number of molecules of \Nate 
the different assumptions that are possible as ^ 
molecules controlled by the acid. The diagram is ‘ 
by considering an individual curve-say that 
curve, which is the outcome of the assumption tha. 
of water are associated with one of acid, was arrive 
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following way.^ The successive values of K deduced from 
observations with solutions containing 30, 40, 50, 60 etc 
inolecular proportions of water were multiplied by 30 -U, 4 O-I 4 ’ 
■0-14, 60-14, etc., respectively; each product was then indicated 
on the ordinates through 30, 40, 50, 60, etc. The other curves 
^vcrc arrived at by assuming that tho number of molecules expressed 
ly the number on the curve was controlled by the acid. 

What was sought for was the condition of hydration when K 
^■as proportional to the molecular concentration of the "acid 
system ” — in other words, the hydrated acid.* 

' As the " degree of hydration " probably increases as the solution 
is diluted, there can be only one concentration corresponding with 
a particular point on each curve at which the degree of hydration 
is that assumed. In the more concentrated regions on the left, the 
rise in the curve is an indication that the product of K into 'free 
wafer increases as the solution is diluted; whilst in the weaker 
solutions the fall of the curve is an indication of the decrease of 
this product.^ At the maximum, the product neither increases nor 
decreases ; this may be regarded as the point sought for. 

As a greater degree of hydration is assumed, the positions of 
the maxima on successive curves occur at points indicative of 
greater degrees of dilution— in other words, the acid system is 
more highly hydrated tho greater tho degree of dilution. The 
result is one which ia to be anticipated on general grounds. A 
curve drawn through the several maxima expresses the change in 
the value of the product of K and free water (in other words, the 
ratio of K to the concentration of the hydrated acid) as the degree 
of hydration increases as the solution is diluted; moreover^ it 
expresses the fact that not only does the system vary in com- 
position and become more hydrated but also that it diminishes in 
activity as dilution proceeds. 

Table V gives the values which we shall call the apparent 
lydration values of the acids for chlorhydric acid and for nitric 
acid as the total water is increased and also the corresponding 
molecular hydrolytic activities of the acids. 

It should be pointed out that the water controlled by the sugar 
Tile espresdon molecular ccnccutnitioii of tho acid is here used to imnly the 
0 ecu ai ratio of acid io Jrc^ water, Tims in a solution prepared with 40 
inolecnlar proportion.s of water and one of the acid hydrulyst, assuming this to be 

associated with n molecules of water, the concentration is — . The ratio of K to 

f I ' . 4 0 “• 7i. 

ms concentration is obviously K.{i0~n}. Tliese are tho v.alnes nuado use of in 
til The “acid-system" must ho .supposed to include 

fiw ^ 'vifch its attached water ; in fact tlic whole of the water that is not 

attached controlled ; the assumption is made moreover— 
IS pio a y not a correct one — that the free water is ordinary water. 
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Table V. 


An^arent Uohcnlar Hydration Values of CUorhydric and 

Acids at different degrees of dilution and the con-e,^pon/?,V/ 
molecular hydrolytic aclirities of the acid systems. 


Dilution (molecular 
proportions of water 
to one of acid). 


30 

40 

50 

60 

80 

100 

200 


AppJirent 

molecular 

Hclativ 
molociilar hy 

tlrolyt 

hydiMtion, 

activities. 

1101 

HNOa 

1101 

UNO..' 

1-2 '4 

10 

225 

22") " 

13'6 

12'3 

211 

205 

15-1 

13’8 

202 

196 

10-8 

14-6 

103 

192 

]8’7 

15-7 

186 

isa 

19-S 

16-6 

182 

186 


20-0 

— 

ISO 


is not taken separately into account, the values arrived at beiia 
those for the total water controlled. As, however, the conceii. 
tration of the sugar was very small in the experiments from vliich 
the values of K were derived and as sugar is imohably not laigely 
hydrated, the portion of the water not associated with the arid 
is probably verv small. In order to eliminate this it would he 
necessary to work from values of K corresponding with infinitesiniil 
concentrations of sugar. 

The results of similar experiments carried out hy E. Wheeler 
uslrm cane sugar a-nd hydrogen bromide and iodide and k 
W. H. Glover using raffinose and hydrogen ^ chloride, hydiogeii 
bromide and liydric nitrate have been discussed in a similar way and 
similar rcsultshave been arrived at— the degree ol hydration oitk 
acids alwavs following the order of their activities. Moreover, tlie 
hydration ‘values arrived at from W. H. Glover's experiments ii, 
which raffinose wa-s used as the hydrolyte arc practically the same 
as those arrived at by using cane sugar in the case of both the acids 
used— this is an important confirmation of the validity of tie 
method. These results will be discussed in parts XIV and XMI 
Lastlv, attention may be drawn to the remarkable similarity in 
the values given in table V as the relative molecular hydrolytic 
activities of the two acid systems in solutions containing efi"" 
amounts of water. To determine the precise relationship o 
two acids, it will be necessary to amplify the data so thal t le ra i - 
are placed beyaud question. 


Effect, of li(dts on the Rate of Hydrolysis hy 
Apparent liydratinn values have been deduced for salts^^^.^ 
Caldwell, AVbymper and others, who found by tria ow 
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. Ucr must be added to a system containing water, sugar, acid 
•..'(1 salt to reduce the hydrolytic activity of the system to that 
, a similar system from which salt was absent. A set of values 
i'..- ditlerent salts was arrived at in this way but only one dilution 
V studied. The method has been applied to a larger number of 
s in solutions varying considerably in concentration. 

Hie rate of hydrolysis was determined, as in the case of the 
fuid alone, in solutions containing one molecular proportion of 
!, id, one-quarter of sugar, one of salt and 60, 80, 100 respectively 
..f water. In the case of chlorhydric acid, the chlorides of lithium, 
rubidium and caesium were examined; in the case of 
hviU'ic nitrate, the nitrates of lithium, sodium, potassium, rubidium, 
radum, silver and calcium. The results are recorded in tables VI 
and VIT As the value of K is always i?icreased by the presence 

Table VI. 

Influf'iicc of Chlorides on the Jlotc of Hydrolysis of Cane Sngar hy 
Chlorhudrie Aad. Sngar acid 1, s(dt 1, water GO, 80 and 
100 molecalar froimrtions. 


AViiltr, K 

11 Cl .alone Li Cl NaCl 10. Cl CsCl 

;'0 t)80 — 833 — ~ 

tiO 448-1; 628 (ilO .676 562 

go 303-5 305 888 370 364 

100 223-5 284 280 270 267 


Table VII. 


InflKcuce of Nitrates on the Jlatc of Hydrolysis of Cane h^nyar hy 
Mtric Acid. Sugar arid 1, salt 1, wafer 60, 80 and 100 
mohcalar ’projwrtions. 


Water. 




K 





HNOo 

aUmc Li NO.. 

NaNO.. 

KNO.. 1 

iltNO., 

C.sNO., AgNO;. 

C!1(N0;A 

60,. , 

, 422 

565 

534 

504 

4!)5 

486 47 () 

— 

80,., 

, 292- 

4 368 

353 

3.39 

335 

331 321 

424 

too,. 

. 222- 

9 269 

261 

252 

251 

247 

303 


of salts, when the results are plotted graphically the curves for the 
salts lies always to the right of the corresponding acid curve 
(Figs. 5 and 6). The apparent hydration values for any salt for 
any dilution -within the range of the experiments can be read off 
directly from such curves as the horizontal distance between the 
curve for the particular salt and that for the corresponding add. 

Previously the apparent degree of hydration of the salt has been 
e.vpressed as the molecular proportion of water that must be 
added when the salt is present to reduce the value of K to that 
found ill the absence of the salt. It is obviously a better method 
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nictal in the salt increases. This may be due to the fact that the 
eil'cct of the salt on the rate of hydrolysis is due to a variety of causes 
acting in opposite directions, among otliers to a concentrating effect 
_ i.-onditioned by a withdrawal of water by the salt — which increase? 
t lie rate of hydrolysis and to a mechanical effect tending to diminish 
it: this mechanical effect probably increases as the mass of tlio 
iiiolocule increases i moreover salts arc probably present in solution 
to a greater or less extent in the form of " associaied^' molecules, 
l^or these various reasons it is impossible at present to instituto 
any effective comparison between salts in explanation of the 
observed differences in the degree of hydration. 

Attention may be drawn to the similarity between the curves 
for llio hydration values of the salts ami those of the corresponding 
acids; this may be regarded as confirmation of the validity of the 
method of arriving at the degree of hydration of acids advocated 
ill tins communication. 

S If nimarj/.— Owing to the improved appliances available, the 
hydrolysis of cane sugar by acids has been studied more thoroughly 
and with closer approach to accuracy tlian iias before been 
u()ssil)le. It has been found not only that there are unexpected 
lources of error in the method adopted by previous workers but also 
liat the accepted views which Jiave hitherto guided inquirers in tliis 
icid need modification in essential particulars. 

The chief points in the present communication are the following: 

(1) The end-point usually observed when the sugar is judged 
0 be entirely inverted is not the true end point but an erroneous 
.■alue, as the rotatory pow’er at the end of tlie bydrolysis docs not 
;‘einaiu constant but gradually becomes less and less negative, on 
K'couiii of a secondary change affecting tlie products of hydrolysis. 
Although probably it is urhriiportant in the case of dilute solutions, 
:Ius change cannot be neglected in concentrated solutions; in the 
-■a.se of such solutions, the eorreeled end-point must be deduced 
Eroiii observations of the rate of change after tlie rise sets in. 

(llj The values of A' obtained by applying tlie uni molecular 
equation dx j dt — K{a — a:), except in the case of very dilute solu- 
ions, arc not constant hut rise as hydrolysis proceeds; in other 
rt'ords, the action doe.s not follow the uriimolecular law. Moreover, 
11 the action he treated as a case of bimolecular change in which 
flic late of change is proportional to tlm mas.s of water present as 
well as to the amount of sugar, no better result is arrived at, the 
rise ill the values of K tlms deduced being greater than when the 
iinimolecular expression is applied. 

(3) The usual method of applying the mass action erjiiaiioii is 

VUL. XOIX. C U 
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not the best. Besides a, possible general error due to an incorrer-f 
initial reading,, it gives a spurious constancy to the values of 
making it difficult to detect actual departures from' the rinirrioleculgj 
law. A better way of applying the equation- is in the form; 


Kloge 


, logio 
h 


a- 

a-x^ 


where a - and n - x.y are the sugar concentrations at times {.. 
and fo respectively - - successive equal intervals of time ])ping taU-n 
as small as the accuracy of the observations allows or the rapiditv 
of the change demands. 

(4) The observations are most satisfactorily dealt with k 
deducing values of K by the unimolecular equation for successiv'ir 
small intervals during eac;h of which sugar is the only significant, 
variable. If t he successive values of K rise as hydrolysis proceed?, 
the value at the coinniencement of the change when the solutiGn 
is of known composition and free from products of change shoidii 
be found by extrapolation. Values of K must he obtained a? 
near the beginning of the interaction as possible; for this purpose, 
it is essential tliat the solution should he mixed at the temperatuic 
at which the experiment is to be made and readings of the rotation 
taken as soon as constant temperature can he obtained. 

(5) It has been found tliat the fundamental assumption that tlie 
rate of hydrolysis is proportional to the concentration of the sugar 
is only an approximation. If sugar be made the only variable in 
a series of experiments, the values of K at first rise slowly and 
after reaching a maximum fall rapidly as the concentration of tlie 
suear is increased. In studying the effect of acids and salts or 
other substances on the rate of liydrolysis, it is essential to use 
as low a concentration of sugar as possible, as the effect of tlie 
change in the sugar is pracf.ically negligible in weak solutions. 

(6) From the rate of change of A’ when the concentration of the 
acid is varied, a method has been developed by means of which the 
apparent degree of hydration of the acid at different dilutions may 
be determined. This increases with dilution towards a iiiaxiraum 
and at the same time the molecular hydrolytic activity of the acia 
decreases towards a minimum. 

(7) From the influence of a number of chlorides and nitrates lu 
increasing the rate of hydrolysis brought about by chlorhydric 
and nitiic acids respectively, apparent hydration values of the salts 
have been doterminod at different dilutions. The values so deter- 
mined are probably low on account of mechanical inhibiting effects 
and other influcncc.s exercised by the salts — they are less in tk 
case of chlorides and nitrates of the alkali metals than in those o 
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the corresponrling acids and decrease as the atomic weight of tlie 
metal increases. 

(S) This investigation emphasises the need of taking into account 
the complexity of the changes involved in the hydrolysis of cane 
suirar under the influence of acids and shows tlie futility of attempt 
iiicr to express the rate of such an interaction by any simple matho- 
malical equation. Although the rate of liydrolysis is nearly pro- 
portional to the concentration of the sugar and to the concentration 
of the hydrated acid, a true mathematical expression of the rate 
under various conditions of concentration of the interacting sub- 
stances would involve, besides factors for the coTicentration of the 
sugar and the hydrated acid, numerous other factors allowing for 
tlie fact that the rate of hydrolysis is not strictly proportional to 
the concentration of the sugar and that the degree of hydration of 
the a(‘id and also its molecular hydrolytic activity alter on dilution; 
ill addition it would be necessary to take into account the effect 

of the primary prodiuds of change as well as their furtlier change 

and also changes in the state of aggregation and changes in the 
optical rotatory power of the various components of the solution; 
it is obviously undesirable to attempt such an expression. Many 
of the.se factors influencing the rate of change arc no doubt 
extremely small hut may not be negligible under all conditions. 

It is hoped that this investigation will have thrown light on 

the chief laws regulating the rate of hydrolytic change and that 

it may serve to indicate clearly what are the conditions under 
which it is legitimate to use the hydrolytic process as a means of 
studying the problems afforded by solutions. 


XLVL — Studies of the Processes Opr/ralk:e in Solutions 
Part XIV. The Dete rminatlon of Apparent 
Hydration Values by mcjins of Paffi)iose. 

By Walter Hamis Gluver, Ph.D., Salters' Company’s Research 
Fellow, City and Guilds of London Institute, Central Technical 
College. 

The present communication contains tlie results of a number of 
observations on the hydrolysis of raffinose, a triose having the 
foimula CijjHu20jg,5H20, by nitric acid, chlorhydric acid and 
bromhydric acid and of tlie influence of certain salts of these 

c c 2 
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acids, in particular the salts of the alkali metals, on the velocj^ 
with which the sugar is converted into melibiose and fructose. 
investigation was carried out primarily with the object of 
tainiug whether and to what extent the substitution for cane suo-'> 
of raffinose — a compound which is similar to it in chenucal 
pertics- -is attended by a difference in the apparent '• hyclratk,]- 
values of the salts. Brief reference has been made by 
and Crothers (Part VllI, p. UO) to the result of an cxpenini^^^ 
which appeared to indicate that the concentrating effect proiluctd 
by the addition of one molecular proportion of sodium nitrate tr. 
an aqueous solution of one molecular proportion of nitric acid aar] 
one-quarter molecular proportion of ratlin ose is not so great a? tliat 
induced wheti the hydrolyte is cane sugar; in oilier words. tW 
‘'hydration value’’ of sodium nitrate determined hy livfh’olv'in.- 
raffinose hy nitric acid in the presence of sodium nitrate wasBHO 
instead of the value obtained by Whymper bv means '(.f 

cane sugar (Part III, p. 579). A difference of this nature was no; 
altogether surprising when viewed in the light of the UMihc 
recorded by Armstrong and Watson (Part IV). It is shown in 
this paper that the "hydration values” determined with the aid 
of methyl acetate are vastly different to those deduced from tlif.- 
hydrolysis of sucrose. It may be stated at once, however, that ilie 
hydration values ” derived from the experiments with raffimse 
are almost identical with those arrived at when cane sugar is used 
as the hydrolvte in the case of chlorides, although in the case or the 
nitrates the values are unifonnly slightly smaller. 

Before proceeding further wdth the discussion on ihe efted of 
salts on the rate of hydrolysis of raffinose by acids, it will be 
advisable to contrast the behaviour of cane sugar and raffiiiorc 
towards acids from the point of view of the readiness with wliidi 
the fructose section of tlie sugar molecule is split off. 

The course of tlio interaction bedween one molecular proportkin 
of acid and a onc-quartor molecular proportion of raihiiose in 
aqueous solution has been investigated, tlie proportion of water 
ranging from 10 to lUO molecules; the results are recorded h 
table I. It will lie soon tliat the velocity, as represented I'f 
A’{1/^ log^/ (('-■>'), is not inversedy proportional to the quantity oi 
water present; instead, tlio product 71 x number of mdecitles oi 
water becomes smaller as the dilution of the interacting substancts 
becomes greater. Xeillier docs tho " volume molecular hydrcM^i' 
activity ” * of the acid remain constant. In order to arrive at this 
* Vohuui' luoieculur liydiolytie ar;tivity’'=: V x vol. iu litw.s coiitaiiiiHg 1 
inoleciilar proportion of iU'itl ; it l■^■p^.'seuti4 the rate at which the sugai I'oq 
hydrolysed provided 1 litre of the solution contained 1 inolmilar prupoi'twa oi 
having the same activity as that in the solutiou under investigatuin. 
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quantity, llie densities of tlie solutions at 25° containing- 1 mo!e 
cula.- proportion of nitric acid and 0-25 of a molecular proportiou 
Oi rattinose (anhydrous) in 50 and in 100 molecular pronortions 
of tt'iiter were determined and found to be 1-0802 ,md* 1-04 ".5 
respectively; from these values the volumes of the solutions wore 
calculated to be 1008-2 c.c. and 1907-9 c.c. respectivelv - assnmin-t 
tl,c hydrolytic- activity of tlie a<-id to be proportional' to the com 
cent ration of tlic acid per unit voluino, we liave 
AV-:458‘7(485 x 1'00S8) 

ami 7ij^3o4'8(186 X 1-9079) as the *■ volume molecular hydrolytic 
achvitics • of the nitric acid at llic two dilutions. The fact that 
the addition of 50 molecular proportions of water (900 m-auis) to 
the stre.gor solution increases the total volume by appro.vimntt-ly 
Its own volume is not witlumt interest. ' 

The apparent liydratioii values have l.eei, deduced l>v me-ins of 
tl.c metliod developed by T, P. Worlev, in Part XII of these 
studies. On contrasting (he values with those obtained bv Worley 
ming cane sugar as hydrolyte, ,t is obvious that the two sugar's 
jaiiord practically identical values. ^ 

It is extremely difficult to interpi-et sm-h results, as attliough a 
faul} simple relalionsliip exists between the rate, of chamm of the 
sugar , and the amount of - free - water (total water-, c). fhere eau 
|1 - httle doubt that dilution is aecornpanied by a grc,at many 
lehanges in the complexity and nature of the emnponents of the 
phteiii under exammation. The nature of many of these eliaimes 
has been discussed in Part VI of these studies; the Xollowiim nmy 
also m cited as exemplifying the great variety of changes which 
possibly accompany any alteration in (ho molecular proportions of 
^ 0 coinponents. Tim hydrolysis of a sugar by an aeid undoubtedly 

We’? T “utainiiig acid, sugar and water; 

"isr-ease in the pi-oportimi of water would be to 
.ssociatc or retard the formation of this system and consequently to 
tinmmsh he - molecular hydrolytic activity " of the acid. ^ 
Before leaving the subject of the hydroly'sis of raffinose by a,cids 
t erition must be drawn to a remarkable relationship which exists’ 

hi tim i '' f?* '‘I are hydrolysed. 

Lt rai? ! ' i-'cstigation, il is found 

it a l it fq- iiydrolyscd by the same solution of an acid 

ot I vt 

»cn\n by the following table: 
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Values of ^ 


Molecules of 


K (raffinose) 





water. 

HNO 3 . 

HO. 

HBr. 

to 

1T93 

1'199 

1-195 

r>o 

1T85 

1'203 

1-184 

fiO 

liOO 

1-198 

ri86 

70 

1T92 

1-186 

1-200 

SO 

I'loe 

1-193 

1-201 

00 

1 ’200 

1-203 

1-20S 

100 

ri94 

1-194 

1-194 

Mean 

li04 

1-196 

1-195 


The fact that the cane sugar section of the molecule of raffinose is 
less readily hydrolysed than is cane sugar itself has been explained 
partly by the assumption that raffinosc is the weaker because it is a 
less hydrolated hydrolyte (compare Armstrong and Crothers, he. 
cit.). Some experiments have been made whicli seem to indicate that 
the difference may be due largely to the degree in which combination 
takes place between the sugar and the acid, as indicated by the 
influence sails exercise on the specific optical rotatory power of 
sucrose and of raffinose. In each case, the proportions used were 
0*5 gram -molecular proportion of anhydrous sugar + 1 gram- 
molecular proportion of anhydrous salt -h 50 gram-molecular pro- 
portions of water, the values obtained being the following: 






llt'.illU-t.jdll 




. 

ill pf 


K 

;])fi iriient.al 


sugar in 

Sugar. 

Salt. 

values. 

Mean. 

pei'ccin.aL'o 

Cane Sugar. 

— 

7S'06 

78-06 

— 


I’dtassiniii elilorifio ... 

77-10 

77-10 

1-2;! 


brouii<lp... 

76 48 

76'48 

2-0*2 


,, iodide 

75'46 

75-46 

3-3:i 

llafliiiosc. 


145-46 

145 55 





145-65 




Poliissiuni chloride 

U5-49 

145-50 

0-03 



145-51 




,, hroiiiide... 

14.5-23 

145-235 

0-22 


... 

145-24 




,, iodide 

144-56 

144-62 

0-64 




144-58 




Assuming the change of specific optical rotatory power to he due 
primarily to combination of sugar and salt, as dilution has prac- 
tically no effect on the specific rotatory power of either cane sugar 
or raffinose, it is evident that under comparable conditions raflmose 
docs not combine to so great an extent with salts as does cane sugar; 
it is to be inferred therefore that acids likewise do not combme 
so readily with tlie triose as with the biose and since hydrolysis o 
the sugar is undoubtedly preceded by the formation of a compoun 
of acid, .sugar and water, it naturally follows that raffinose won 
not be hydrolysed so readily a* cane sugar. 
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passing now to a consideration of the results obtained in the 
•,j^,(^,_ 4 igation of the influence of various salts on the rate of 
livarolysis of raffiiiose by acids (tables I, 11, III), wc find the 
concentrating effect to be almost the same as that when cane sugar 
(lie hydrolyte. This is well illustrated by the following table, in 
^^-]nch arc given the number of molecules of water which must be 
added to neutralise the accelerating or concentrating effect 
(apparent hydration values) of the salts in the case of the two 




Xnniber of mols. of water 

Total number of nmls. of 

to be adrlf 

d to the system. 


water [U’esmt per mol. 


^ 

Salt. 

ol acid atid salt. 

Cane Sn;;ar, 

Rriffinose, 

Silver nitrate 

oO'O 

— 

3-3 


fi.a 5 

47 2 

37 


tIO’O 

5-0 ' 

4-0 

Fotasi.siunniitrate.. 

50-0 

7-1 ' 

6 7 



— 

7-2 


60 0 

8-2 ‘ 

7-5 

Sodinni nitrate 


9-5 ' 

8-8 


5 0 ' .a 

— 

9-3 


60-0 

10-6 ’ 

9 '6 

Lithium nitrate .. 

40 0 

— 

100 


50 0 

ll'S > 

11-4 


60'0 

l;P0 ‘ 

12-0 

Ammonium chlovid 

c.. 50 -n 

] 0 2 ^ 

10-2 


5 5 ■ 5 

10-9 ^ 

10-8 


60 '0 

— 

11 0 

Potassium chloride 

50 0 

10-S ^ 

10-4 


55 -5 

iri ^ 

11-0 


60 0 

— 

11*2 

Sodium cli lor nle 

40-0 

10 '8 1 

10-8 


50 0 

12-0 ^ 

12'2 


55 5 

— 

13-0 

Calcium chloride 

40'0 

22 0 ^ 

22 '2 


.50-0 

26-2 ^ 

24-2 


55'5 


25 -Q 

Potassium bromide 

40’0 

107 - 

10'8 


50'0 

12 'O’ 

11 '8 

Deduced from F. P, Worley’s values. 

* Whymper. 

Wheeler, 


^ Deduced from Uablwcll 

’s results. 



The closeness of the values for tlie bromide and the chlorides 
obtained by using either cane sugar or rafhnosc as hydrolyte is truly 
remarkable; only in the case of the nitrates is a constant difference 
noticeable, the values derived from the use of raffinose being without 
exception slightly smaller than those obtained with cane sugar; it 
is also interesting to note that the hydration value of potassium 
bromide is higher than that of potassium chloride. All these 
observations are in accord with the explanation of tlie manner in 
which salts accelerate the rate of hydrolysis advanced in Part VIII 
of these studies. It is possible that part of the effect produced by 
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tlie addition of a salt to a solution of sugar and acid is duo to t];o 
displacement, by the salt, of acid combined presumably witl] tlie 
hydvoxylic and anhydride oxygen atoms of the sugar but this is not, 
likely to be a very large effect. Neither is it probable that th 
retardation produced by the mechanical interference of the salt 
molecule is very great, although tlie effect produced by a series of 
salts, for example, the chlorides or nitrates of the univalent melah 
becomes smaller as tlie weight or size of the molecule beconies 
greater. 

Experimental. 

Tlie solutions were prepared in the flasks figured in Fig. 1, Part 
Xll. No difficulty was experienced in obtaining the final readuifrs;: 
although the optical rotatory po\\er of tlie solution does not rcniam 
constant at the end of the period of change under investigation, 
the alterations observed are too small to affect the constant K- 
the optical rotatory power increases slightly at first after the dfipf 
action is completed, owing to changes of the fructose; it tlien 
decreases very slowly. po.ssibly owing to the gradual hydrolysis of 
the melibiose. 

Mafenah Vse<L — The sodium chloride was purified by pre- 
cipitation from brine by hydrogen chloride, subsequently rc- 
crystalliscd from water and finally precipitated from an aqueous 
solution by alcohol; the ammonium chloride, potassium chloride, 
potassium nitrate, sodium nitrate and potassium bromide were 
crystallised repeatedly from water. The lithium nitrate and silver 
nitrate were eommei'cially pure samples; wlien tested, they were 
found to be neutral. Tlie requisite quantity of caleium eliloride for 
each experiment was obtained by neutralising the calculated weight 
of standard hydrogen chloride solution with an excess of pure 
Iceland spar. 

All the experiments referred to were performed at 25'01°j;0’0Ua^. 
The results obtained in two complete experiments with each acid 
entirely representative of the series are recorded in table IV. 


Table I. 

llydrohjsh of Ua/Jinose hy Acids, 

0’25 IMolccule of Raffinose (anhydrous) -f 1 Molecule of Acid^* 
a Jlolcculcs of Water. 

^fidues of K 



.Moloculf'S 

^ 

• , 

Meiin 

Acid, 

of water. 

Expt. I 

Expt. 11 

valtit'S of K 

NiU'ic 

40 

6-ZO 

621 

622 


50 

454 ‘5 

455 

455 


CO 

35" 

354 

35.5 '5 


SO 

245 

215 

215 ^ 


100 

185 '5 

185-6 

t85‘5 
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And. 

Clili.rliydric 


lironiliydric 


Table I. (continued). 


YulntH f-f K 


Jlokoules 
of water. 

Ev]0. T 

Kvpt. a 

Mean 

values ol K 

40 

C72 

672 .5 

672 

50 

482 

48i G 

482 

50 

37S 

373 

37 4 

SO 

25.57 

2.5.3 -3 

2.5 4 '5 

100 

192‘4 

190 -C 

191 ‘5 

40 

7S6 

7S6'8 

786 

50 

555 '2 

556 

.556 

GO 

420 

420 

420 

80 

277 '8 

27.4-2 

278 

100 

200 3 

206 

1:06 


Table II. 

Uudrobjsis of Tlaffinose hy Chlorhydric Acid in the Presence of 
Certain Chlorides. 

0 -5 Molecule of Raffiiiosc-fl Molecule of Hydrogen Chloride -i- 
1 Molecule of Salt -K^ Molecules of Water. 

jr«nn values of K 

SO niolonilos fiO molcciilt'.s 70 moliviili’.'; 80 moleculc.s 


Salt. of Writ' r. of water. of water. of w-itcr. 

.(liiiiiiorjiiini fliloridc 6.'i6 4 n4 3.81 — 

H60 4.SfJ 3.8.:i — 

rSodiiiiii „ C89 511 m 4S3o(6:ll]jO) 

Calduiti ,, 1035 723 539 421 


Table III. 

llljdrohjsis of Paffinose hy Srtric Acid in the Presence of titrates. 

0‘2o Molecule of Rafliiiose (aTihvdrou.s) r 1 Molecule of Nitric 
Acidrl Molecule of Salt -f a Molecules of MMter. 


.Moan valiii-s cl' K 


50 niolootilos 30 TnoleculoH 70 nioloculos 
Salt. of water. ofwaU r. of water. 

Silver nitrate 490 389 314 

I'otas'iiiin iiitnite 543 421 338 

SMium 580 4 12 3.54 

Litliium ,, C23 473 372 


Uydridysis of Paffinosc (0‘25 Mohenle) hy liromhydric Acid 
(1 dfohcule) in the Presence of Poiassiinu Bromide (1 MoJecAde). 


Molecules of water .50 GO 70 

Mean values of A" 808 557 451 
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Studies of the Processes Operative in Solutions. 
Part XV. The Changes Effected by the Re- 
ciprocal Interference of Sugars {and Glucosides) 
and Salts in Aqueous Solutions. 


By Walter IIamts Glover. 


HiuEF reference is made by Armstrong and Crotliers in Part VIII 
of these studies to the striking diminution of the conductivity of 
scKlium chloride effected by the addition of rafTinose. It is shown 
tliat. the conductivity in a solution of a gram-molecular proportion 
of the electrolyte in 1000 grams of water is lowered to the extent 
f)f 21 per cent, by one-third of a gram-molecular proportion of the 
carbohydrate, whilst a reduction of 27-4 per cent, and 44 ’6 per cent, 
is produced by the addition of a gram-molecular proportion of 
glucose and cane sugar respectively. In other words, judging from 
these figures only, the conductivity of salts in solution is reduced 
by these sugars practically in proportion to the numher of oxygen 
atoms which they contain. 

The object of the investigation described in the present com- 
munication was to ascertain wliether other salts arc similarly 
affccled, not only by the three carbohydrates just mentioned but 
also by the two reducing hioses, lactose and mclibiose 
and by the two simple, non-reducing ethers of glucose, o-inethyl. 
gluooside and ^-inethylglucoside. At the same time, it was con- 
sidered advisable to measure the effect on the specific rotatory 
powers of the several carbohydrates induced by the presence of 
the electrolyte, particularly with the object of testing a conclusion 
arrived at in an earlier investigation, namely, that the specific 
rotatory power of a carbohydrate which is hydrolysed by acids with 
re atire ease is influenced to a greater degree bv the presence of a 
salt than is the specific rotatory power of a earbohvdrate less open 
to hydrolytic attack by acids. 

Fre^amtvm of Solutions.— The salts and other substances used, 
with the exception of the glucose and cane sugar, were purified with 
care he glucoge used was the purest material obtainable from 
Ivahlbaum; the cane sugar that sold as “coffee sugar” or 
centrifugals.^' ^ 


ibe solutes were weighed out in a conical JGna.gla,ss flask, du 
tnvanoe being made for the air displaced. Approximately th 
"conductivity'' water then run in and th 
tomn ^varming the flask. After cooling to th 

reauirpfl ° tlm weight of water was a.djusted to th 

*1 d amount on the balance. In calculating the quantity o 
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solvent to be added, due allowance was always made for the water 
already in coinbinaiiou with the non-electroIyte as “water of 
crystallisation/’ 

Dete.rwhuifwH of E(^f(donj Power . — Except for certain improve- 
ments, the apparatus and methods used are described in previous 
communicalions ; the measurements were ujade in water-jacket eel 
tubes 400 mm. long. In cases in which the sugar undergoes muta- 
rotation, the solutions were kept during twenty-four to fortv-eisrlit 
hours before the measurements were made. Tiie specific rotatory 
powers recorded in this p<aper without exception refer to tbe 
anliydrous sugar. 

Defermiiudion of Demth /. — The dcnsitie.s of the solutions at 
were measured witli the .aid of tlic modified form of Sprcngel tube 
described by Caldwell and Whymper (Part X). 

M ((istirenK nf of Conduciivitij. readings were taken with a 

Kohlrausch wheel-bridge, incliictorium and telephone. The resis- 
tance of the electrolytic cell, tiie form used being tlmt described by 
Caldwell and Whymper {lor. c/7.), was as nearly as possible bal.mec'i 
by coils of known re.sistance wound nnn-self-inductivcly, so that the 
readings could always be taken at points close to the middle of 
the bridge wire. Corrections were made for inequalities of tho 
bridge-wire and resistance of the Icacis. 

Kfjrrt of on the Opltral Poininrt/ Power of OI ncoswJea atut 

Snf/arr. — A va.st nmcnmt of woi'k has been done on the efTect of s.alts 
on the optical rotatory power of glucose, lactose and cane sugar Imt 
much of it is valueless, as the molecular proportions of sugar and 
water were not kept constant ; almost without exception the sugar 
and salt have been dissolved in water and the mixture made up to a 
known volunie. 

The specific rotatory powers of the substances u.sed were found 
to be as follows; 

One gram-molecule of substance in oO gram-moleculcs of water. 

GIncoso ] ‘Oo'yar' 4 63'17’ 

] -Oritur) -MS6-,")0 

-S9-81 

Oujo siigur 1 '11685 ' -l-7.S“0S 

Half gram-molcculc of substance in oO gram-molccules of water. 



])| 


Glucose 

l-0.Sr)42 

+ 62-73' 

a-MetlivIglucosidc; 

r0.3162 

+ 186*37 

0-.Methvlgluco.side 

1-03127 

-39 '58 

Lactose 

1-06634 

+ 64-54 

Meliljiose 

1 '06705 

+ 168-93 

C.me sugar 

1 '06490 

+ 78 '06 

Kaffiuose 

P09331 

+ 145*55 
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Tlie changes of optical rotatory power produced by the addition 
cf the various salts are recorded in tables I and II. 


the Rotatory Rower of Certain Suyari and (RncoCalf}^ 
condiixoned hy Electrolytes. 

Table I. 

Olio grain-molocule of electrolyte and 0 5 gram-rnolecule of sugar 
PI- u-iiiceside in 50 gram-nioiecules of water. 


Alteialion of ral^'' 




Density of 





Sugar 

solutinli.s 

Values of 

III 

In 


or ghu'C).sii]c, 



di'grees. 

per cent 


enucoso 

, 1‘079.’j8 

+ 61 '40' 

- 1 -33 

-212 

rlili't'i'lo 

a-Melhylgliiousidu . 

l-Ol.sS-l 

+ 185-95 

-0--I2 

-0-22 


j8-Metliylg!ucoside . 


- 40 '30 

0-72 

-1-S2 


Jjartosi' 

1-10728 

+ 64 '65 

+ 0-11 

+ 0-17 


Mcdildost*. 

ri079-2 

+ 169-24 

+ 0-31 

+ 0'1S 


Cauc -sugar 

l-10a8:J 

+ 77-10 

-0-96 

- 1 -23 




1 '131 -28 

-1 145-51 

-0’04 

-0-03 

S'.diiliii 

Glucose 

1 '07451 

-s 62-42 

-0-31 

-0-49 

diluride 

a-Jictliylglucoaidc . 

1 -07000 

+ 185-85 

-0-52 

-0-28 


S-Metliylghwoside .. 

r07084 

-40';38 

-o-so 

-2 02 


Laetose... 

1-10217 

+ 65 43 

+ 0-91 

+ 1-41 


Mi'libiose 

1-10:512 

+ 1G9-38 

+ 0-45 

+ 0 27 


Cane sugar 

1-10134 

+ 76 SO 

-1-26 

-1-61 


Kalliiiose 

1-1-2707 

+ 145 uVl 

-002 

-0 02 


Cane sugar 

1-14170 

+ 76-48 

-1-58 

-2-02 

liiorniilt.' 

Kadhiosi* 

1 '16572 

■{ 145-2-1 

-0-31 

-0-21 


Cano, sugar 

1'17360 

+ 75 46 

~ 2 60 

-3-33 

ioiliilo 

italthiose 

1-1056:3 

■1 144-62 

-0-93 

- 0'64 



Table IT. 





One gram-molecule of sugar or glucosidc and 1 gram-molecule of 
electrolyte dissolved in 50 grani-rnolecules of water. 



Siiu;ar 

Detisirv rif 

Values i)f 

Alto a lion 

Alteration, 

Kkotrolyl<-. 

or glucosidc. 

.Sul lit ions, 


in degrees. 

per cent. 

Sodium 

Glucose 

1-16231 

+ 62-8-2^ 

-0-35 

- 0*56 

cLloridc 

a-Mclhy]gluco.side ... 

1 '0941)5 

- l.s5'S>8 

-0-52 

-0-27 


3-i[ethvlglucosidc ... 

1-09413 

-40-.55 

-0-74 

-i-so 


Cane .sugar 

1-MS12 

-r 76 94 

-1-14 

-l-4t5 

Soilium 

Glucose 

1'115:4 

+ 62-78 

-0-39 

-0-62 

idtrate 

a-Methylglucosidc ... 

1-10743 

+ 1 86 -39 

-Oil 

-0-06 


Cane sugar 

1-15988 

-i- 77-52 

- 0 50 

-0*72 

The following are the most noteworth 

y conclusions to he drawu 


from an examination of the hgures contained in these tables: 
(1) The effect produced by the addition of a salt to a non-reducing 
sugar or a simple glucosidc is to render it less dextrorotatory that 
IS, in the case of the dextrorotatory compounds the apparent specific 
rotatory power is diminished, whilst in the case of the l^yorotatory 
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jS-methylglacoside the apparent specific rotatory power is increasod, 
Assurning the change to he produced by combination of the non- 
electrolyte with the salt (as the specific rotatory powers of the 
substances at present under discussion do not alter appreciably on 
dilution, the changes cannot bo ascribed to a withdrawal of water 
from the system by the salt) and that the combination involves tlie 

formation of coinpounds of the type the alteration 

in the optical activity produced by the ethenoid link is in these 
cases Isevorotatory. Furtlier, in the case of closely related suh- 
staiices wliich exist in solution in only one form, it is noticeable 
that the compound which is most stable towards hydrolytic agents 
is least affected by the salt. Thus, the change of optical rotatory 
power of /G-methylglucosidc under comparable conditions is much 
greater than that of the a-isomeridc; the jB'Compoimd is hydrolysed 
by acids 1'8 times as rapidly as the a-isomcride. Similarly, cane 
sugar, which is hydrolysed about T2 times as rapidly by acids as 
ralTinose, is more affected than the latter carbohydrate, which is a 
derivative of cane sugar. 

(2) The changes of optical rotatory po\ver exhibited by tlie 
reducing sugars are extremely complex. The dextrorotatory bioses. 
lactose and melibiose, unlike all the other substances studied, 
become apparently more dextrorotatory in the presence of sails, 
Further, although in the case of the non-reducing sugars the effect 
produced by a riLoleciilar proportion of sodium chloride is always 
slightly greater than that induced by potassium chloride or sodium 
nitrate, the effect in the case of the reducing sugars varies con- 
siderably according to the nature of the components; thus, glucose 
is apparently less dextrorotatory in the presence of sodium nitrato 
or potassium chloride than of sodium chloride; again, potassium 
chloride appears to change the closely related sugars, lactose and 
melibiose, to practically the same extent, whilst sodium chloride 
lias a far greater effect on lactose than on melibiose. 

It is evident, then, that the effect on the optical rotatory power 
of a sugar or glucoside produced by the presence of a salt cannot 
be ascribed to any one simple cause, although the principal factor 
at work is undoubtedly union of the several components of the 
solution ; the marked divergences in the case of the reducing sugars 
which exist in solution in two stcrcoisoracric forms are principally 
due to a change in the state of equilibrium of the isodynamic forms. 

Effect of (liucoiiuhs and Sugars on the Electrical Condudivlty 
of Salts . — The molecular conductivities of the salts used, in solutions 
containing a gfam-molecular proportion of salt in 50 gram-molcciihu' 
proportions of water, were found to be as foIlow^s : potassiinii 
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111*44; sodium chloride^ 84‘35; sodium nitrate, 76*03. 
molecular conductivities in the presence of the various 
rlucosicles and sugars are given in tables ITI and IV. 


The Effect of certam Sugars and GlucmkJcs on the Molecular 
Conductii'iiics of Electrolytes. 

Table IJL 


One grara-molccule of electrolyte and O' 5 gram-molecule of sugar 
or oiucoside in 50 gram-molecules of water. 


FJertrolyte. 

Sugar. 

conductivity 
of electrolyte. 

Rednetion of n 
cular coiidiicth 
per cent. 

Potassium 

Glucose 

92-S6 

167 

ililoridc 

ot-Meth vlgliicnside 

9Q-L.3 

18 8 


^'Methylglucoside .... 

9077 

lS-.n 


Lac.tn.sft 

78-38 

29 6 


Jlelibiose 

77-31 

30-6 


Cane .sugar 

8034 

27 9 


Katfiiiose 

67-38 

39 j 

Sod him 

Glucose 

70-88 

160 

cliloi'ide 

a-Metliylgliicosiile ... 

68 -94 

18 3 


^-^[(‘thylgliico.side .... 

69-21 

17-9 


Lactose 

t9 -88 

29 0 


llelibiose . 

,^9-30 

29 7 


Caue sugar 

GO 82 

27 '9 


Rafiiiiose 

.nl-33 

39-1 


Table IV. 

One gram-molecule of sugar or gliicoside and 1 gram- molecule of 
electrolyte in 50 gram-molecules of water. 


Klecti'olyto. 

Sugar or (fluco.fldc. 

Jlolccular 
conductivity 
of idectrolyte. 

Reduction of mole- 
ciilai- conductivity, 
per cent. 

Sodium 

Glucose 

7(9 -4 4 

29-5 

chloi-ide 

a-llfttliylgluooside 

56 ,50 

33-0 


;3-Metdiy]glu coside 

56-80 

32-6 


Cane sugar 

44-16 

47 '6 

Sodium 

Glucose 

53-28 

29-0 

nitrate 

a-Metlivlglucosidc 

50-94 

32-1 


Cane sugar 

39-68 

471 


The probable manner in which sugars influence the conductivity 
of salts has been discussed in previous communications; the results 
of the experiments to be recorded in Part XVlll of these studies 
show, liowever, that altliongli the diminution of conductivity is 
undoubtedly intimately connected with the inimber of hydroxyl 
groups in the molecule of the added non-electrolyte, nevertheless 
other factors play an important part in bringing about the 
diminution, of conductivity. 

An example of this is supplied by the isomeric methylglucosides,^ 
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which do not reduce the conductivity to the same extent; tb 
effect produced by the jS-isomcride is uniformly smaller than that 
produced by the a-compound, although from the change of optical 
rotatory power it may be inferred that the ^-compound imitos to 
a greater extent with the salt than does the a-isomeride. 

Although they contain the same number of oxygen atoms in the 
molecule, the methylglucosides exert a greater influence than 
glucose itself ; this is rather remarkable, seeing that the redudntr 
simar probably combines more readily with salts than its ethers- 
possibly in this case the mechanical effect of the non-electrolyte, 
due to'^thc size of the molecule, comes into play. As indicating a 
relationship between the Tnagnitude of the molecule and tlic effect, 
produced, it is interesting to note that the displacement of a 
hydrogen atom in glucose or cane sugar by the group 

results in an increase in the reduction of conductivity of about Ip.l 
per cent, (in solutions containing a gram-molecular proportion of 
potassium or sodium chloride and O’S gram-molccular proportion of 
sugar in 50 gram-molecular proportions of water). 

The ]-eduction of conductivity produced by lactose or mclibiose 
is greater than that effected by cane sugar; possibly the reducing 
sugars combine with a greater proportion of the salt or as they 
both crystallise with water, mclibiose with two molecules and 
lactose with one molecule, their greater activity may be due to the 
withdrawal of a larger proportion of water from the system. 

It is clear, therefore, that the results obtained in this investigation 
do not permit of a simple explanation ; they demonstrate, however, 
the complexity of the changes which accompany the dissolution of 
substances in water. 


XliVill. — The Phosj)J(oric Acuh. 

By Alfred Holt and James Eckersley Myers, 

The molecular constitution of ortho-, pyro-, and meta-pliosphoric 
acids and the conversion of one into another have been the subjects 
of many investigations and differences of opinion. 

Graham {Phil. Trans., 1833, 52, 253) by qualitative tests sIlO^YCcl 
the existence of the three varieties of phosphoric acid, and con- 
cluded that '■ the other modifleatious (metar and pyro) pass directh 
into the condition of this acid (ortho-) on keeping their aqueous 
solutions for some days or more rapidly on boiling.’^ 

Sabatier {Cam pi. n'ml., 1888, 106, 63), by titrating solutions of 
the meta-add of different sirengilis at regular intervals and using 
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various indicators, concluded that the racta- passes directly into 
I ho orthovariety without the formation of pyro-acid, or at least 
M'iili the formation of only a trace of it at first, the rate of change 
beiii.il accelerated by concentration and by heat. In furtlier com- 
],tunications {jhkl, 1889, 108 , 738, 804), he assumes, with Fleitmanu 
and IJeiineberg, the existence of complex molecules of the meta-acid, 
and fnids that the rate of change is accelerated by the addition 
of sulphuric and hydrochloric acids, whilst it is retarded by acetic 
acid. 

Blake (Amer. Chem. J., 1909, 27, 68), by measurements of the 
rate of change of the refractive index, concluded that a lOJ-solution 
of the nicta-acid was completely hydrated in four davs. 

The results of the investigations of Berthelot and Andre 
rnuif 1S9G, 123 , 776; 1897, 124 , 9Go), Giran Cltiin. rin/s., 

1903. [vii], 30 , 203), and Tanatar {J. Jhiss. Vhy^.. Chnn. Sor., 1898, 
30. 99) have been summarised in a paper by Balarel! (Zeifsc/i. 
Iijtfinj. Chem., 1910, 68 , 288), wherein he concludes that their 
experimental methods, and consequently tlieir conclusion (that pyro- 
acid is formed as an intermediate substance) are. open to criticism. 
In this paper, Balaretf, by an analytical method based on the 
iormatio]! of cadmium or copper pyrophosphate, concludes that the 
nieta-acid passes by hydration directly into tlic ortho-variety. In a 
previous paper (Zeif.<rh. unorn. them., 1910, 67, 234) he showed 
that, whilst at moderate tenq^era lures the dehydration of the ortho- 
acid produces pyro- and tlien meta-, at very high temperatures 
the change from ortho- to meta- should be direct. Pfe did not, 
liowever, realise tlie latter condition cxpcrimentallv. 

Tildeii and Barnett (Trans., 1896, 69, 158) liavc shown by vapour- 
density determiiialioiis that the niolcculc of metaphosplioric acid 
when ill the state of vapour is not simple, but is a bimolecular 
comple.x, which at a very high temperature sliows signs of dis- 
sociation. The experiments described at the end of tiic present 
communication confirm their observations on the complexily of the 
molecule. 


It appears from the results of the above-incniioned authors that 
the (jiiestion of tlie intermediate formation of pyrophosphoric acid 
during the hydration of the meta-variety is still unsettled, and, 
further, that there is uncertainty as to the molecular condition of 
the three varieties of phosphoric acid in solution. 

Out experiments were first directed towards a study of the clianges 
ui the depression of the freezing point which a solution of the 
iiietaacicl undergoes on keeping, and also the direct estimation of 
t 6 amount of mcia-acid present in such a solution from time to 
tunc, iuo solutions, the strengths of w’hich were approximately 
VOL. XCiX. ^ ^ 
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N- and 2iV'metaphosphoric acid, were used. The following 
gives the depression at varying intervals of time : 

Table I, 


Time {in 
days). 

Depression of f. p. 

A-Solution, 

s 

2A-Solntion, 

0 

0'697 

1-452 

2 

0’900 

1-900 

5 

IT 00 

2-465 

7 

r203 

2-685 

10 

1'305 

2-895 

12 

1'425 

3-150 


It will he seen f rom the above values that the depressions recorded 
for the 2.Y -solution are slightly more than double those for He 
jl-solution, so that it follows, that whatever the nature of the cbain'c- 
which is taking place may be, increasing the strength of the sohuiojj 
from j\ to 2.V does not materially affect the velocitv. 

In order to determine the rate at which the hydration took place, 
the amount of unchanged meta-acid in the solution was ebtiniatcd 
from day to day by precipitalioii with barium chloride. Tlii; 
method was adopted only after numerous trials with other reagents, 
but preliminary experiments led us to conclude that it was qniio 
trustworthy, When bariiun chloride is added in large excess to a 
solution containing ortho-, pyro-, and mela-pliosphoric aedds, a pre- 
cipitate is obtained, which, when rvasbed and dried at 100". was 
found to have a composition represented by the empirical formula 
.Ba(P 03 ). 2 . A large number of samples of this precipitate were 
preprared and analysed by decomposition with nitric acid, the barium 
being subsequently estimated as sulphate, and they were fonsid 
to have a practically constant composition. To test the method still 
further, a solution of the meta-acid, which had been kept for some 
time, was precipitated wutli largely varying amounts of barium 
chloride, the smallest amount being a slight excess. When the same 
volumes of the acid solution w-ere taken, the weight of tbe pre- 
cipitate obtained did not materially vary. A solution of meta-add 
of about normal strength was prepared, and a portion of it pre- 
cipitated with barium chloride from time to time. Tbe amount 
of unchanged meta-acid could therefore be calculated, and the values 
in tbe followdng table were obtained : 
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Table II. 

Hnchauged Uucluinged 
Time meta-acid, meta-acid in Water in 


(hours}. 

per cent. 

gram-mols. grani*mols. 

K,. 

ATj. 

0 

S4'92 

0-829 

55-53 



46 

60-80 

0-518 

5.5 -22 

0-0045 

0 -0043 

99 

44-35 

0-378 

55-08 

0-0053 

0-0035 

U2 

31-87 

0-270 

54-97 

0-0036 

0-0034 

190 

17-63 

0-150 

.54-85 

0-0053 

0 0053 

238 

10-28 

0-088 

54-79 

0-0048 

0-0048 

287 

6 61 

0-056 

54-70 

0-0039 

0-0040 

382 

4-55 

0-039 

54-74 

0 0017 

0-0016 

e fresh 

solution 

contained 

0-852 

gram-molecule of 


phosphoric acid, but 15 per cent, of it had chcinged before the 
measurements were begun. 

All ex'amiuation of the above table shows, in the first place, that 



die values for the percentage of unchanged meta-acid in the solution 
thi not fall on a regular curve, the rate of decrease becoming 
maikcdly accelerated after the solution lias been kept for about 
hlO hours. These values are shown for the sake of clearness on 
the annexed curve. Furtlier, from the values of and K,,, which 
represent the velocities of the reaction calculated for a unimolecular 
a-nd lumolecular change respectively, it is evident that the hydration 
ot the meta-acid does not take i3lacc according to any simple 
scheme. 

As fuither evidence on this point, the freezing points of a solution 
W the same strength that employed for the determination of the 
e a acid by precipitation with barium chloride were determined, 

D D 2 
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and tlie theoretical values were calculated on the assumption that 
the acid changed directly into the ortho^varicty, dissociation bein. 
of a negligible amount. (The latter conclusion is justified W 
conductivity measurements.) 

Table III. 


c. 

c A 


D. 

o ■ 


16 '^ \,94 ^2 


|c 't 5 1^ 0 S 




0 

46 

9a 

142 

190 

2-.18 

•287 

3S2 


"3 

§ ^ - 




0} ^ 

A-rD. 

B] D. 

C'+D. 

s 

()'C4 

5 

0'21 

7-544 

0-772 

0-515 

0-039 

1-583 

0-811 

0-554 

4-14 

3-0’2 

3 '26 
4‘64 

0-963 

0-702 

0-481 

0-351 

0-321 

0-234 

fl-619 

0 880 

1 -582 

1 -582 

1-100 

1 -231 

0- 940 

1- 214 

2'1 7 

r.-69 

6 ’87 

0-504 

0-252 

0-168 

1-080 

1-584 

1 -332 

1 -248 

1 ’20 

0-279 

0-139 

0-099 

1 ’305 

1-584 

1-444 

1-404 

O'TO 

7-48 

0-I6o 

0-081 

0 054 

1-420 

1-583 

1-501 

1-474 

Q'45 

7'79 

0-105 

0 052 

0-035 

1-479 

1 -584 

1-531 

1*514 

0'31 

7 '96 

0-072 

0-036 

0 0-24 

1-511 

1-583 

1*547 

1 -535 


0- Gi-; 

1 oil 

1- U'j 

I'oOi 

l-Sijj 


Talile III contains tliese results. It will be noticed that the 
freezing point of tlic almost fresh solution gives a depression com- 
spondiiii' with a molecular weight for the iiieta-acid of hetiveeu 
( HPO..)!and (HPO.j)., and it lias subsequently been shown tlialtiis 
abnormal value does not arise from ionisation, but is undoaMedly 
due to tlie presence of complex molecules. The depression has there 
tore been calculated for tlie unchanged iiieta-aeid on the assumption 
that It IS present («) in simple molecules, (h) in double molociilo. 
and (<■) in triple molecules. The experimentally deterimncd values a 
the, last column show that tiro liydratiou of the meta^aod does noi 
proceed according lo the equation >' = ! 

at (ho comiiieuccmeiit of the reaction at any rate, (lie inolnciiKs o, 
the meta-aoid are complex. From these values it is neiUicr pos-ulw 
tsa; whether pyrmiid is formed - luterinediato 
nor whellier the complex molecules of the iiieta-aiid 

dawn and subsequently become hydrated. tie 

Although It has not been found possible to estimate utl 
pyro- or ortho-acids quantitatively ill a mixture of » ^ ' ; 

the presence of the pyro-acid has been shown r,L’bcen 

following method. A solution of the mcta-aeid 
kept about a fortnight was neutralised with sodium ly ,1 jlP 
phenolphthalein as indicator, and the resulting iquu ■ 

freeipLted with silver nit, ate. At first, the 
silver ortho-phosphate was obtained. This was tilteiei , 
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filvcr nitrate added. By repeating this process, a white precipitate 
formed, which gradually became yellow. By filtering it off imme- 
Jiatelv. it was found possible to obtain it absolutely colourless. If 
(lie neutralised solution be acidified by a small quantity of dilute 
acid and then precipitated with silver nitrate, a colourless 
precipitate ts obtained at once, owing to the differing solubility of 
the silver precipitates in nitric acid. 

The white precipitate was washed and dissolved in nitric acid, 
and the silver precipitated with hydrochloric acid. The resulting 
arid solution did not coagulate albumen, altliongii a trace of the 
}iie(a.-acid added to it at once brought about this change. 

This process was frequently repeated with solutions of meta- 
pliosphoric acid wliicli had been kept some time, and always with the 
same result, so that it must he concluded that the pyro-acid is 
formed by the act ion of water on the mcta-varict y. This confirms 
the views of Berthelot and Andre, but is not in accordance with the 
results of Sabatier and Balareff. 

Since orthophosphoric acid on dehydration yields first pyro- and 
then meta-acid, it follow's tliat on hydration the reverse change 
should occur. The results of Berthelot and Andre show that, the 
change from meta- to pyro- proceeds more rapidly than that from 
pyro- to ortho, and as the experimental method of Sabatier does 
not satisfactorily distinguish between pyro- and ortho-acids, the 
Rhscace of pyro-acid recorded by various authors might arise from 
one change taking place too fast for observation. 

The concentration of the solution will also have its effect. The 
more dilute it becomes, the faster one would expect the final state 
to be reached, unless the reaction is truly bimolecular, in wdiich 
ease the greatest velocity would be whe?! tlie two reacting substances 
were present in equal concentration. It is therefore possible that 
tile reason we have observed the presence of pyro-acid during the 
liydration is that our solutions were of a strength particularly 
favourable to its formation. 

From the experiments already described, we wore led to examine 
each of the phosphoric acids separately. 

Pure crystalline ortho-acid, when dissolved in water, gave a 
depression of the freezing point concordant with a molecular wei<Tlit 
01 93 (theory 98). Conduelivity experiments showed the acid tcTbe 
very slightly ionised, and it may lliereforc be concluded that tJie 
unchssocialed molecules in solution are represented by the formula 

A few attempts w^ere made to measure the vapour pressure of this 
^hl dehydration, but the results were inconclusive, 

lougi the pyrch and meta-acids are readily formed from it, no 
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sudden change in the vapour pressure was detected, such as one 
would expect when one compound changed into another. It woulij 
seem that molecular compounds are probably formed during tie 
dehydration, a conclusion to which Balareff also inclines. 

Two varieties of pyrophosphoric acid have been examined. On? 
was a viscid, syrupy liquid obtained by dehydrating the ortho?, oid, 
and tlie other was obtained in aqueous solution by decomposing lead 
pyrophosphate by hydrogen sulphide. An approximately normal 
solution of the syrupy variety gave a depression of the freezing 
point, which indicated the presence of complex molecules of the 
acid of composition t)etwccn (H4Pc>07)4 and (H4P207)5, whereas in 
the solution obtained from the lead salt the molecules appeared 
to bo simple. Conductivity measurements again showed little 
ionisation, so that it may be concluded that very complex molecules, 
whether associated or not with molecular compounds, arc formed 
by dehydrating the ortho-acid. 

The syrupy solution, on keeping for some time, became a mass of 
crystals, which gave qualitative tests for both ortho- and pyro-acids, 
so that in this condition the pyroacid cannot he regarded as a 
stable substance. 

Four varieties of metaphosphoric acid, differing either in physical 
characters or molecular condition in solution, have been examined. 
Very little ionisation is found to take place in dilute aqueous 
solutions, and the differences between them arc almost certainly the 
result of polymerisation into molecules of varying complexity. 

The first variety is obtained by heating to redness for a short 
time sticks of pure glacial phosphoric acid. As thus obtained, it 
is a vitreous solid, deliquescent in moist air, and readily soluble in 
water. Freezing-point determinations of its solution indicate the 
presence of molecules of composition (HPOg)^, the values not varying 
greatly for solutions of strength 2A or A/ 10. 

When sodium metaphosphate glass is dissolved in water, a 
depression of the freezing point is obtained, which gives a molecular 
weight of 314, the theoretical value for (NaP03)3 bemg 306. It 
appears therefore that not only the acid, bub its alkaline salts, can 
exist in solution in terraolecular complexes. 

The second variety is obtained by heating the previous g assy 
solid to redness for several hours. It is a hard and brittle gla^S; 
having a sp. gr. of 2'488. It becomes sticky in moist air, but not 
so readily as the former variety. When a fragment of this glass 
is put into water a curious phenomenon, first recorded by Saba ici*) 
takes place. Although a portion seems to dissolve directly, y 
the larger amount of the substance is padually shot o2 as 
particles into the surrounding water with a sharp, crackling soun , 
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and the liquid becomes turbid tbrough their presence, solution 
takin^^ place slowly. When a fragment of this glass is placed in 
^vater and viewed microscopically, tho particles are seen to be clear 
fra cements with typical glassy fracture. They are expelled with 
roiii^idei’able velocity, but as the solution in the immediate neigh- 
bourliood of the fragment becomes saturated with the acid, they are 
formed in constantly decreasing amount. 

When this crackling ” variety of the meta-acid is heated for a 
]Qn« time (about twenty-four hours) at a dull red heat, its characters 
are found to be changed. Although still a hard and brittle glass, 
f(s specific gravity has somewhat diminished (2*216), and it is 
almost insoluble in water. A portion of this glass ha-s been kept in 
the laboratory for many days without becoming sticky, and when 
(ground to the finest powder takes several days to dissolve in water. 
No crackling is lieard during solution, and no particles are shot off 
the mass of the glass. Freezing-point determinations show the 
presence of bimolecular complexes (HPO;^)^. 

When lead metaphospliate is decomposed with hydrogen sulphide, 
a solution of mctaphosphoric acid is obtained, which apparently 
contains simple molecules of the acid (IIPO^), since freezing-point 
(leteriniuations give a molecular weight of 102 (theory SO), and 
the acid is slightly ionised. 

These experiments on each of the phosphoric acids show that 
solutions containing simple molecules can bo obtained by decom- 
posing the lead salts, the acids prepared by the dehydration of the 
ortho-variety invariably containing more or less complex molecules. 

The decomposition of a met a- or pyro-salt might bo expected to 
yield simple molecules of the acids, whilst the dehydration of the 
ortho- acid, since it does not proceed strictly in two stages, would 
favour the formation of molecular complexes. 

The following conclusions may be drawn from the experiments 
descrilied in this paper : 

1. Pyrophosphoric acid is formed as an intermediate compound 
during the hydration of metaphosphoric acid. 

2. The rate of hydration does not accord with any simple order 
of reaction. 

3. Metar and pyro-phosphoric acids, when prepared by dehydrating 
the ortho-variety, give complex molecules in solution, but when 
prepared by decomposing the corresponding lead salts, simpler 
molecules result. 

Tub UxiVERSiTY, 

Makciiestee. 
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XLIX. — Tiic Didcrmuuilion of Solubility Coefficieui, 
by Aspiratio7i. 


By William Jacob Jones (Fellow of tlic University of Wales}. 

It is well-known that a given volume of air aspirated at a siiflicieiitlv 
slow rale through a solution of a gas in a li^^uid— provided 
Dalton’s law is obeyed -abstracts and carries along with it an 
amount of the gas which is proportional to the concentraiion of 
the solution. Methods based on this fact have been applied toitie 
following problems : (1) to determine the partial pressure of volatile 
substances in solution (Gahl, Zeit<ch. iihysihal. Chem., 1900. 33. 
178); (2) to compare the relative inlluence of different salts on the 
solubility of gases in aqueous solution (Mcliauchlan, 'Zilfirh, 
fhydhd. Vhem., 1903. 44 , 600; Gaus, Zeif.^ch. anorg. Chem., 1900. 
25 , 236; Kono\valoff. ,/. Fu.<s. Phyii. Chem. Nor., 1899, 31,910; 
Abegg und Ricscnfeld. Zeifich. 'phyid-nl. Chem., 1902, 40 , 84); 
(3) to determine the amount of gas in the dissolved state set free 
in homogeneous equilibria. (Jakowkin, Zeitsch. 'phynikal. Chcii\., 
1899, 29 , 626; Orton and Jones, Trans., 1909, 95 , 1456). 

On the assumption that the laws of Dalton and Henry hold, a 
very clear theoretical treatjneiit of the relation bchveen the rates 
of evasion and of invasion of a gas from and into a liquid respec- 
tively. and the sohihilit y of the gas in the liquid, has been given 
by Bolir (.1/?^/. VhysUfmi, [iii], 62 , 644; 1899, 68 , 500).' He 
c.xperimeiited wiili solutions of carbon dioxide in water and in 
sodium chloride solutions. Me considers that when a rapid current 
of an inert gas free from carbon dioxide is passed over a wcll-stiiTcd 
solution of carbon dioxide, the time-rate of escape (or ‘ evasion ’ ) 
of the latter gas from solutioTi is proportional to the concent ration 
of the solution and to its exposed surface. From the mathemalica! 
expression of this assumption he obtains an evasion coefficient^ 
which denotes the volume of carlmu dioxide (at N.T.P.) escaping 


per minute through 1 sq, cm. of exposed surface, into an atmosphere 
free from that gas, from a solution containing 1 c.c. (at N.T.P.) 
in 1 c.c. of the solution. In a similar wav he defines the ‘‘invasion 


coefficient/’ y, of carbon dioxide into water as the volume of that 
gas which, under a pressure of 760 mm. of mercury, enters through 
1 sq. cm. of surface per minute into well-stirred water free from 
carbon dioxide. 1 f a denotes the absorption coefficient of carbon 
dioxide in water, it is easily seen that y — a^. Bohr determined a 


by abstracting the gas from its saturated solution by means oi 
Hagen pump, and measuring the volume of gas. He determine / 
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hoih expenmentally and by substituting the values he had found 
a and in this formula. The comparison does not show a 
very gnfxi agreement between the calculated and found values of y. 

permair has made very extensive use of aspiration methods of 
experiment, applying them to the following determinations; (1) the 
rate of escape of ammonia from the aqueous solution when a 
iiniforin current of air is bubbled through it (Trans., 1895, 67 , 
983; iS98, 73 , 511) — he shows that the amount of ammonia, rj, 
pj-esciit in the solution when a volume, V, of air has been drawn 
tlirmigh is represented by the equation logr? = -r ?>.r, a and h 
being constants for a given experiment; (2) the vapour pressure of 
^vater and the partial pressure of ammonia in its aqueous solutions 
^Trails-. 1901, 79 , 718; 1903, 83 , 1168; Froc, Foi/. Soc., 1903, 72 , 
He has also made a careful study of the sources of error of 
the method (/. FhyFical Chern., 1905, 9 , 36; Froc. Foy. Soc., 1905, 
76. .1, 174). 

Steele (Trans., 1903, 83 , 1470) assumes that '' the desaturation 
of a saturated solution of hydrogen chloride in toluene by a steady 
current of hydrogen follows the course of a unimolecular reaction, 
namely : 

K — — log;, 

T ^ a- X 

where (i denotes the amount of gas contaiiied in the saturated 
solution, and x the amount carried away in the time TF 
When the molecular condition of a substance is the same in two 
phases, it divides itself between them, so that the ratio of its con^ 
centratioii in one phase to its concentration in tlie other phase is 
always a constant (the Partition haw). On this law as basis, 
Ostwald defines the solubility coefficient of a gas in a liquid as the 
ratio, when equilibrium has been established, of the concentration 
of the gaseous solute (in gram-molecules per unit volume) in the 
liquid phase to its concentration in (he vapour phase in contact 
with the former phase; otherwise expressed; 

Solubility coefficient = Concentration in the liquid phase 
Concentration in the vapour pila^e * 

In this paper it is shown that solululily coefficients of volatile 
solutes, provided the system obeys the laws of Dalton and Henry, 
can be determined from the amount of solute w'hich is carried 
a\Aay by an inert gas when known volumes are bubbled through 
solutions of known strength and volume. 

bet a volume V c.c. of an inert gas be drawn at a very slow 
rate and in very minute bubbles through a volume r c.c. of a well- 
stirred solution of a volatile substance maintained at a constant 
temperature; if s denote the solubility coefficient, a the amount of 
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volatile solute initially, and h the amount finally, present in tlie 
solution, then it can be shown that 

V 



Evidently {(i - h) denotes the amount of solute abstracted by tk 
inert gas. 

In order to establish this relation, consider an instant when a 
volume c.c. of inert gas has been bubbled through. At this 
instant let the amount of volatile solute in the solntion he y gram 
or y gram-molecules; let a small additional volume Zx of im-rt 
gas be drawn through, and let it abstract a small amount hj of 
solute from the solution. Then, provided the solution is well stirred 
and the inert gas is in the foinn of very small bubbles and dra^vn 
through at such a rate that the solute is allowed sufficient time to 
attain at each instant its maximum partial pressure hi the abstract- 
ing gas (which takes the less time to accomplish the more minute 
the bubbles), it follows from the definition that 

V 

s ^ JL 

hx 

and, in the limit, 

dy ^ J[_ 

dx V . s 

Since, as x increases, y diminishes, we may change the sign of 
the right-hand side, and on integration between the limits, x~o, 
y—a and ,7;= 1 , y — we obtain : 

V 

s = — , 

® . log,.^ 

From this equation, wc can at once draw the following deductions: 

( 1 ) ^^'hcn such a small volume of abstracting gas is employed 
that only a small quantity of solute is removed, s is given by tlie 
obvious relation (.Jakowkin, he. cU.)\ 

(a-b) 

1 ^ , 

s a 

V 

for; 



On expanding the logarithm factor in series, and neglecting 
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square 
obtain : 


and liigter powers of the small quantity 

1 _ V .{a ~h) _ V ,{a~h) 
a V .b V .a 


we 


approximately. 

p2) The logarithmic law found empirically by Perman {Joe. cit.) 
for the rate of loss of ammonia by a solution through which a 
ncady current of air is being aspirated follows thus: 

y 

loga - log& = . 

S . V 


In a given experiment, s, v, and logr/ are all constant, and h 
denotes the amount of gas in solution after a volume T of air has 
been bubbled through : 

Iog6 = - + logfA 

8 . V 


(^coiiipare Perman, loc. cit.) 

log9= h.V ^ a. 

(3) An explanation of the direct proportionality between the 
amount of solute carried away by a given volume of abstracting 
gas and the strength of the solution (Orton and Jones, loc. cit., 
p. 1463) is furnished by this equation, for m such a series of 
experiments, 

— = • j s-nd Fj-Tg— , 

Whence 

log^ = log^^ = 

6i 62 



and 

^ - h ^ 

that is, the amount of solute carried away by the inert gas is 
proportional to the initial concentration of the solution (see Fig. 3). 

This relation affords a means of testing whether the volatile 
solute-solvent system obeys the laws of Dalton and Henry or not. 
For this purpose a number of experiments are carried out, using 
solutions varying in strength from the most dilute up to the 
saturated solution. If this proportionality holds throughout that 
range, then these laws are followed. By this means it was found 
that defection arose in the case of dilute chlorine solutions in 
^ater, showing clearly the existence of the equilibrium : 

CI 2 + H 2 O ^ HCIO + HCT 

investigated by Jakowkin {loc cit.) (see table VI and Fig. 2). 
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The value of 

V 

v\og/~ 

b 

which, if this rriuilibrium did not exist, would he constant, increase? 
with dilution. 

In the ease of bromine wafer, the corresponding formation of 
hypohrotnoiis acid and hydrobromic acid is very much less extensive 
(see table TX) (compare Bray, -/■ d /ncr. Sor., 1910, 32, 932). 

Provided an accurate knowledge of each of the quantities, a, h 
r, and r, is possible, the formula : 

V 



furnishes a means of experimentally determining solubilitv 
coefficients. In the following section it is shown how this can be 
accomplished. It is more practicable to take for the value of h 
tlie dilTerence between the value of o, which is accuratelv dotci- 
mined, and tlie amount of solute which is carried away bv the 
abstracting gas— this being trapped by suitable means and accuratelv 
estimated — than by direct estimation. The accurate value obtahied 
in this way is roughly checked by the analysis of an aliquot portion 
of the solution at the end of the aspiration. 

it will be noticed that the solubility coefficient can be deterniiiied 
by this method without the necessity of preparing a saturated 
solution. 

ExPEKJ^fENTAL. 

Experiments itj verification of the preceding tlieoroni were carried 
out with chlorine and bromine solutions in carbon tetrachloride, in 
acetic anhydride, in acetic acid, in water, and in aqueous acetic 
acid. 

The apparatus consisted of a bubbler containing the solution, 
followed by small wash-bottles containing potassium iodide solution, 
and finally tlic aspirator, the wliole being immersed in a constant 
temperature balli. The ])irbblcr and the potassium iodide wasli- 
bottles are shown in Fig, 1. Tliey were designed by Professor 
Orton. The leading tubes wei'e of capillary tubing, and passed 
through a solid glass .stopper. By this means the waste dead space 
above the solution was reduced to a minimum, the bubbler being 
as nearly as 2:)os$iblc full of solution. On the tube connecting tliis 
vessel with the fi'.st potassium iodide wash-hottic, a small bull) 
had been bloivn, and this evas packed with glass-wool, 'which, experi- 
ment showed, completely removed all spray from the air. This 
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, iodide wash-bottle was attached by means of a wcll- 

-roiind glass joint. It was followed by a second wasU-bottlc, also 
^oiitaiihng potassium iodide solution; this, however, was not iieces- 
i'irv except where the halogen solution was very concentrated, 
^^'tjJorption being complete in the first wash-bottle. Titration of the 
iodine set free in these w'ash-bottles gives the amount of chlorine 
or bromine carried away by the air The solutions were 

pre'inn-cd from dry chlorine and bromine iti glass-stoppered vessels, 
.,i,d transferred, without exposure to the air, to a standard burette, 
from which a portion of the solution was delivered into potassium 
iodide solution and a known volume (c c.c.) poured into the bubbler 
U' to fill it as completely as possible. Titration of tlio iodine set 
tree from tlie potassium iodide served to give the amount (a) of 


ri<;, 1, 



halogen introduced into the buljbler. It was found that with care 
tli(! loss of chlorine and bromine during this transfeience was very 
sjuall, and it is doubtful whetlior a greater accuracy could have 
ijccn attained by preparing tlie solutions in in the Imbbler. 
In soiue of the later experiments (tables IV, V. VI, IX, XII), a 
was determined in a difiereut way, thus; a known volume of 
solution was introduced into the bubbler, and by means of a 
standard pipette, 2 c.c, of tlic solution were withdrawn and poured 
into potassium iodide soiatioii. When the solution had acquired 
the temperature of the balli, a current of air, freed from dust and 
water vapour, saturated with tlie vapour of the solvent, and main- 
tained at the temperature of the experiment by being drawn 
through the apparatus in the bath, was bubbled through the solu- 
tion. Efficient stirring was ensured by the narrow’ form of tlie 
hubbler and the minuteness of the bubbles. Trials showed that 
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under the conditions of the experiments there was no difference in 
the amount of chlorine carried over when 250 c.c. of air were bubbled 
through in times varying from one and a-quarter to fifty-one 
minutes. The volume (P') of air aspirated through the solution 
was determined by measuring the volume of liquid displaced in 
the aspirator by syphoning it over into graduated flasks. In 
experiments of accuracy, in order to ensure that the air measured 
in tlie aspirator was as nearly as possible under the same conditions 

especially as regards volume — as the air aspirated through tlic 

solution, it would be necessary to fix a calcium chloride drying-tube 
following the last potassium iodide wash-bottle in order to remove 
the aqueous vapour and to All the aspirator with the pure solvent, 
thereby reducing the air to exactly the same candition as it was 
in when passing through the solution. For the same reason it b 
necessary that the air should not at any time during its passage 
through the apparatus bubble through any considerable depth of 
liquid between the bubbler and the aspirator, which for this purpose 
should he as squat in form as possible. The air, which passes 
through the solution in the form of spherical bubbles, is collected 
in the aspirator above the plane surface of the liquid. Now the 
pressure inside a spherical bubble of radius r exceeds the pressure 
outside by ‘iT/y, where T denotes the surface tension. Hence, in 
order to avoid having to make a correction owing to surface tension, 
it is necessary that the hubbies should not be too minute. The 
total error in the measurement of 1', made by assuming the volume 
of liquid syphoned from the aspirator to be equal to the sum of 
the volumes of the hubbies of air as they passed through the 
solution, in consequence of these sources of error was less than 
0‘2 c.c. per 100 c.c. 

Titrations of iodine set free were carried out with 3 /SO-stxliiun 
tliiosulpliate solution delivered from a standard 10 c.c. burette 
graduated in 0 02 c.c. In the tables the titres have been reduced 
to J/10. 

Tlie solutions were shielded from light, and the experiments were 
carried out in a darkened rooiri. 

Special attention was given to the purity of all chemicals used. 
The specially purilied acetic acid was partly prepared in this 
laboratory, and partly obtained from Kahlbaum. The carbon 
tetraddoride was redistilled several times. The bromine wa* 
washed with water, dried with sulphuric acid, and distilled from a 
few crystals of potassium bromide. Kablbaurn’s acetic anhydride 
was used witlioub further purification. 

By the term 75 per cent, acetic acid is meant a solution 
prepared by mixing 75 volumes of glacial acetic acid with 25 volumes 
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of pure redistilled water, and similarly witli acetic acids of other 

concentrations. 

Table L 


Chlorine in Carbon Tetrachloride. Temperature 15*^. 




Time occupied 






ill aspiration, 

. 




r. 

miimtes. {a - h). 

n. Calc. 

Found. 


95 0 

436'0 

13 3 -8.5 

47-01 43-16 

42-92 

53-7 

['5'0 

430-0 

5 3-22 

38-27 35-05 

35-00 

51 ‘4 

bo 

297-0 

3 3-93 

65*55 61-62 

61 05 

61-0 

9d'0 

298-0 

4 0*75 

12-55 11-80 

11 '57 

50-7 






51 -7 



Table II. 



Chlorine in 

99‘84 per cent. [O' 16 per cent, water] Acetic Acid. 



Temperature 1G°. 



95 0 

2.50-0 

2 -.5 3-08 

53-30 49-62 

49-20 

36-9 

95-0 

250-0 

2-5 1-99 

28-70 26-71 

26-50 

36 -C 

i*5 0 

-2.50-0 

-2-.5 5-10 

73 00 67 90 

66-80 

36-4 

yj 0 

250 0 

8-3 2-18 

31-70 29-52 

29-32 

36-9 






36-7 



Table III. 



Chlorine 

in 90 per cent. A(|ueous Acetic Acid. Temperature 

15°. 

95-0 

250-0 

2-5 2-53 

2G-41 23- S8 


26*1 

95 -O 

250-0 

2-5 1-2 'S3 

128-8 116-0 

_ 

25-1 

95-0 

250-0 

2 5 O'Ol 

59-09 53-ri5 


24-4 

95-0 

250-0 

2 -.5 2-41 

21-40 22-0 


25-4 






25-3 



Table IV. 




Chlorine in 75 per cent. Aqueous Acetic Acid. Temperature 15°. 



V. 

Tinic occu|>i('d 
ill a.spii-utioii, 

r. 

minul<'s. 

104-0 

2.50-0 

4-8 

104-0 

250-0 

5-0 

104-0 

250-0 

4-S 


[a-h). 


s. 

3-322 

24 -34 

16*39 

8-661 

63-42 

16-39 

10-790 

79-57 

16-50 



16-43 


Table V. 


Cliloriiic ill 65 per cent. Atpieous Aoeiie Acid. Temperature lo®. 


2 .') 0'0 
250 0 
250 '0 


4-8 

3-991 

25 06 

13-S3 

4 ‘5 

6 -620 

39 -.54 

13-10 

4-5 

11-04 

85*30 

13-36 




13-43 
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Table VI (see Tig. 2). 


Chloi’ine iu Water, Temperature 15°. 



V. 

Tiiilii oci'iqtii'd 
ill aspirat-ion, 

ia-h). 

a. 

^ V 

lOl'O 

lOO-O 

7-0 

33-44 

250*3 

G-7 ^ 

lOTO 

100 0 

7-0 

20-03 

177-5 

t '1 

8-| 

104-0 

100 '0 

7-0 

11-92 

13i)-0 

101-0 

100-0 

7-0 

11-19 

112-1 

9-1 

101‘0 

100-0 

7-0 

9 -087 

110-4 

10 4 

101-0 

100-0 

7-0 

0']4G 

70-78 

11 5 

101-0 

10;V9 

7-3 

1-190 

28-G6 

2-2 -5 

101-0 

lOO'O 

7-0 

0 314 

19-21 

33 ■'i 

1U4-0 

100-0 

7-0 

0 0077 

4-207 

524-8 


1'Tg. 2 (:ice Table YI), 



Table VII, 

Bromine in 90 per rent. Aqueous Acetic Acid. Temperature 
Til lit; Oi Ciq.icd b. 




in Li>jiii'ar.iu!i, 




Foil ml. 


r. 


tiUIiUL<i.s. 

{a-b). 

a. 

Calc. 


93-0 

1000 

:10 

3-02 

137-32 

154-30 

154-0 

M3 

51H 

93 -0 

100(1 

10 

1 -23 

64-00 

63-37 

62-9'j 

93-0 

1000 

10 

1-19 

64-03 

62-81 

6-2 -6:1 

'(38 

iiio 

93-0 

lOuO 

10 

2-05 

105-7'i 

103-67 

103-13 
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Table VIII. 

piomiiie in 25 per cent. Aqueous Acetic Acid. Temperature lo®. 

oOO 12 .v88 68-70 62-82 6-2-92 54 

iij.i 500 12 2 78 34 "80 31-57 31-20 57 


Table IX (see Curve 2, Fig. 3). 
Bromine in AVatcr. Temperature 15°. 




Time occuiiied 




ill asjiiiatioii, 


r. 

V. 

minutes. 

a. s. 

104 0 

500 

12 9-17 

66-37 32 -3 

101-0 

250 

6 4-70 

65-97 ;32-5 

101-0 

2.50 

10 ,3:182 

48-63 .^3-4 

lOTO 

250 

G 2-;;0 

33-00 33-2 

101-0 

250 

10 0-357 

5-211 33-9 

104 0 

250 

10 0-075 

1-267 39 -1 


Fig. 3 (see Tables IX anil XI f.). 



Values c/ (c - 1';. 


Mheii ft lias been determined by experiments similar to ibe 
pfeceding for a given volatile, substance in a medium, tlie con- 
centration of the volatile substance existing in the free state in 
solution ill homogeneous equilibria in the medium may be deter- 
mined by aspiration experiments, for 


( 1 ) 


VOL. XCiX, 


V . a 


E E 
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and a- 6 = amount of volatile solute carried over by V c.c. of bert 

gaa from v c.c. of solution ^ (2). 

Solving these two equations, ve obtain a, the concentration oi 
the dissolved volatile substance. In order to disturb the cquilibriurji 
as little as possible, it is essential that the amount of solute extracted 
from the solution by the inert gas should be no more than is 
necessary for accurate analysis. 

As an illustration of this application may he given the followijicr 
investigation of the extent of combination of bromine and hydrogen 
bromid^e in water, in acetic acid, and in aqueous acetic acids-'. A 
considerable amount of work has been done on this subject in 
aqueous solution, both by methods based on extraction of the 
bromine by means of such liquids a5 carbon disulphide and carbon 
tetrachloride (Wikierw fi-nn, Zrifsr/i. finj.khd. C'Acw., 189.3, 11.407; 
Roloff, ibid., 1894, 13 , 341; Jakowkin, ibid., 1896, 20 , 19), and 
by electrolytic methods (Boericke, Zeitsch. Elakt rochem., 1905,11. 
97) ]\teasuremcnts of velocities of bromination in aqueous solution 
always reveal an apparent loss of activity on the part of bromine 
with" the progress of the reaction. This is due to the combination 
of the liydrogcn bromide produced with tlie bromine to form 
hydrogen tribromidc (Ramherg, Zeif^ch. 'pluj.dkal. Clitm., 1900, 34 . 
5^ ; Bruner, Ibid., 1902, 41 , 513 ; Bugarszky, ihhL, 1901, 38 , 561; 
1904, 48 , 63; Bognar, ibid., 1910, 71 , 529). 

Biicrarszky shows how the equilibrium constant: 

[HBr][Br,] 

[HBrJ 

HBr + Bin, HBr, 


K = 


may be calculated from measurements of the speed of broniinatiwi 
of acetaldehyde. At 25^ he obtains the value O' 0665 for 

Jakowkin’s value is O'OGo. _ n ' \ 

The procedure in the present experiments was as follows. A 
known volume of standard hydrogen bromide solution was put in 
a hask in the bath. A solution of bromine in the solvent wa5 
standardised, and a known volume run in from a burette into the 
‘bubbler. So much solvent was added to the hydrogen broiiiide 
solution, that on mixing with the bromine solution a convenient 
volume of solution was obtained. ^Vhen the solutions had acquired 
the temperature of tlie bath, the contents of the flask were pouif 
into the bubbler, a-nd the whole having been allowed to stand in 
order that equilibrium .should be established, a known vo uinc o 
air was aspirated through. By substituting the value of the 
of bromine carried over by the air in equation (2), the b\o equa i 
' on solution give the value of a, for example, the concentra lou 
Br 2 in the system. 
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\s examples may be given the following two experiments : 


Table X. 

Medi’-uii. 


Ariioinit of Br .2 usoil in preparation per litre 

of solution, gram-niol 

Atnoiint of HBr used in preparation per 

litre of solution, grain-inol 

Time rvliioli elapsed between muing and 

begnrniiig of astnration (minutes) 

Time occii [lied in asjiivation (nuiintos) 

Titre of 10 c.c. solution at the end of the 

aspiration 

Titre of Br., carried away by air 

corrcspoiKling with acoiiceutration of Hi'o 

(and Hlir) 

conecntration HBrj 

Value of A" 

Table XI. 

OiMin-innls. iisi-d 
in preiiaratioii 
of 1 litre of 
solution. 

Tent pera- ^ ^ 


Mediuni. 

ture. 

Br'. 

Br^. 

Br./. 

Br... 

Bid 

K. 

I 

f 15 

0-03 16 

0-0316 

0 0086 

0-0230 

0-0230 

0-061 

Water. \ 


0-01.58 

o-oir.s 

0-0028 

0 0130 

0-0130 

0 051 

1 

2:1 ]ifer cent, aqueou;}) 
acetic acid. J 

1 15 

0 0315 

0 0;n 6 

o-ooss 

0-0228 

0 -022s 

0-059 

15 

0 0330 

0 0330 

0 0145 

0 "0185 

0-0185 

0 024 

JO pi-r cent, aipieoiis^ 

r 15 

0-0100 

0-0070 

0 0020 

0 005‘) 

0 00 SO 

0-020 

acetic acid. ' 

L 15 

0-0330 

0-0330 

0-01.58 

0-0172 

0-0172 

0-019 

1 

! 16 

0'0-200 

0-0200 

0-0151 

0 -0049 

0-0049 

0 0016 

Fc'-t) per cent, acetic | 
add. 'j 

1 Ifi 

0-0000 

0-0100 

0 0290 

0 0110 

0 ono 

0-0042 

15 

0-0216 

0 0122 

o-ooso 

0 0042 

0-0136 

0-0071 

1 1^ 

0 0-2-2 .5 

0 0251 

0-0142 

0-0109 

OOOS3 

0 0064 

1 

c 1« 

0-1160 

0-0059 

0-0830 

0-0129 

0-0330 

0 0051 


Jaljowkin obtained the valne 0-065 for K for arpieons solutions 
at 

The value of K increases with increasing dilution of the acetic 
add, showing that the formation of perbromides is more extensive 
in concentrated acetic acid than in dilute acetic acid. The incon- 
stancy in the value of K in glacial acetic acid solution may he due 
to incomplete ionisation of the tribromido or to an appreciable 
formation of higher perbromides. Steiner {Ber., 1874, 7, 184), by 
die employment of low temperatures, isolated acetic acid livdro- 
loraide perbromide from mixtures of bromine, hydrogen bromide, 
and glacial acetic acid, and, unless this compound undergoes com- 
plete thermal dissociation at 16°, it must interfere v-ith the 

equilibrium. 


50 per cent, 
acetic add. 

Water. 

104 

104 

500 

250 

0-0330 

0-0315 

0-0330 

0-0316 

10 

12 

13 

6 

5-531 

5-950 

1-130, 

3-3;i5, 

0-017-2 

0 0230 

0 01.58 

0 0085 

0-0187 

0-051 


Grain-mols. per 

btl'L- in 

cipiililiriiijii. 


E E 2 
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In sharp contrast to the behaviour of bromine and hydrogcr, 
bromide, chlorine and hydrogen chloride do not combine to any 
nnnreciable extent. With as much as eight equivalents of hydrog,.„ 
cEe 0 one of chlorine in glacial acetic acid solution, ah .te 
Torino vas found to be free. Table XII shows some simila, 
experiments made with acetic anhydride solutions. 

Table XII (see Curve 1, Fig- 3). 

Chlorine in Acetic Anhydride. Temperature 15°. 
Grain-mols. 


Time iisctriiriireparation expressed as 
occupied per litre of soUiiion. tlio tit, re of 


104'0 

104-0 

104-0 

104-0 

104-0 


r. 

250 0 
250-0 
250-0 
250-0 
250 -0 


aspiniLioii Hydroj'en 
[minutes), chloride. 

0-0000 
0-0000 
O'OOOO 
0-029-3 
0-0353 


Amount of chlorine 
expressed as 
the titre of_ 

104 c.c. solution 


10 

10 

10 

10 

10 


Chlorine. 
0-01574 
0 0101.5 
0-00403 
0-01925 
0-00916 


a. 


s. 

32-75 

1-913 


21T0 

1-229 

40-1 

8-390 

0-503 

3S-S 

40-04 

2-400 

30-D 

19-05 

1-165 

3S'6 


The author is greatly indebted to Professor Orton, who siiggesled 
this investigation, for the interest he has taken therein, ami lorlm 
kind help in designing the apparatus. 

U.S-IVEI!SITT COLLF.r.E OF NOKTH WaI.KS, 

Bakgok. 


The AiUo-rcduction oj Ihjdrazmes. 

By Fredeeick Daxiel Ciiattaway and Montague Aldridgi. 

Aromatic hydrazines, when heated, undergo simultaneous oxidab™ 
and reduction. As the precise course of any such autorediich* 
depends only on the group to winch the hydra.zine concerned helo ,, 
tliL interitions may lie expressed by general equations. 

Primary hydrazines yield a primary amine, nitrogen, amn. 
and a hydrocarbon, thus : 

2HNH*KHd = + No + Nils 


uRH. 


ZiviX FJ. FS J IQ — 

Unsymmetrical secondary hydrazines yield a secondar; a 
nitrogen, and ammonia, thus: 

3RR'X’XH2 = 3RR'NH + N,, + NH3. ^ 

Symmetrical secondary hydrazines yield a primary amine am 

^zo-comptiund, thus : a/ 

I^RNII’KHIV ^ IlNHa+ E'NHo + KN .NH . 
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of these reactions go on slowly even at the ordinary tem- 
>rature, the rate increasing rapidly as the boiling point of the 
[vdraziiie is approached. It is thus impossible to obtain any 
^ioinatic hydrazine quite pure by distillation, or to keep it so for 
time, even when air is excluded. 

When the hydrazines contain only unsubstituted hydrocarbon 
^ddiH'S, the reactions are, as a rule, quantitative, but in the case 
of hvdrazines containing substituted aromatic residues, although 
the^c primary decompositions take place to a considerable extent, 
■itber secondary reactions may also occur, especially at a high tem- 
lerature, due to the presence of the substituted atoms or groups. 


Action of Heat 07i Vhcnylh yd ratine. 

Emil Fischer, in his welbknown paper describing the compound 
[['iuolcn', 1878, 190 , 81), noted that when phenylhydrazine was 
divided under the ordinary pressure, a small quantity of ammonia 
\'-v< liberated. This he removed by exposing the freshly distilled 
iirpiid in a vacuum over suljihuric acid, but some years afterwards 
iXnnnhn, 1886, 236 , 198) he recommended that it should be 
distilled under diminished pressure to avoid this decomposition. 
Evidently this procedure, also, did not prove entirely satisfactory, 
for he later stated {Jier., 1893, 26 , 19) that it is best obtained quite 
pure by frequently freezing it out from double its volume of ether 
at -10° Walter (-/. 'pr. CJiem., 1896, [ii], 53 , 471) observed that 
plienylhydrazine, when heated in a sealed tube to 300° for three 
to four hours, decomposed into aniline, nitrogen, ammonia, and 
benzene, and Struthers (Proc., 1905, 21 , 95) discovered that this 
aeiion took place with almost explosive violence w^hen small 
quantities of cuprous cyanide or cobalt cyanide were added to 
plienylhydrazine heated to near its boiling point. 

It has, however, never been recognised that this reaction proceeds 
comparatively rapidly when phenylhydrazinc is boiled, and that the 
liberation of ammonia which occurs when it is distilled is accom- 
panied by the continuous evolution of nitrogen and formation of 
aniline, and, moreover, that the reaction is a cliaracteristic general 
one of all primary aromatic hydrazines. 

To investigate the reaction, 150 grams of pure phenyl hydrazine, 
recently distilled under a pressure of 20 mm. and boiling constantly, 
wre placed in a small, round-bottomed flask connected with a 
reversed condenser, through which steam was passed. The upper 
end of this was attached to a short upright condenser dipping into 
a flask, and the latter to a Volhard trap containing dilute hydro- 
''Moric acid. The exit tube from the trap dipped below the surface 
water in a small pneumatic trough. The air contained in the 
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apparatus having been displaced by hydrogen, the phenylhydraiine 
was heated to gentle ebullition for about twelve hours. At first ^ 
boiled quietly "at 241°. Ammonia and nitrogen were contiiniallv 
evolved, whilst benzene, which escaped condensation in the lieatt^ 
condenser, collected in the tla^k atta^died to the cooled condcniseT, 
After twelve hours’ boiling, the residue in the flask was di'dilled 
and found to consist practically entirely of aniline. The nitrogen 
escaping was measured, and the ammonia weighed as aminonium 
chloride. The decomposition was thus shown to take place, wiilii^ 
the limits of experimental error, quantitatively according to the 
equation : 

20oIIv*NH*NnD = CJI,*NHD 1 Nd + NH^ + C^.H^. 

This auto-reduction of plienylhydrazine lakes place completely 
a.id instantaneously if the vapour of the compound is passed through 
a sliort length of hard glass tube packed with porous porcelain, and 
heated to a dull red heat in a furnace. The products are the samD 
as when the decomposition is elTectcd at the boiling teniperature, 
Ammonia and nitrogen arc libera.ted, whilst a mixture of aniline and 
benzene condenses, ’ Small quantities of compounds boiling at a. 
temperature higher than the boiling point of aniline are also present 
ill the liquid condensing, formed douhilcss by the action of heat on 
the benzene and aniline. 


Action of Neat OJi the Tohjihydrazines. 

Ihfiy grams of y?-tolylhydi’azine were heated in the apparatus 
previously described, hut with the steam-heated condenser replaced 
by a thin-walled glass tube filled with beads, and of such a length 
that when the liquid was gently boiling, only the toluene pioduced 
passed over into the second condenser. 

p-Tolylliydrazine undergoes auto-reduction more easily than 
does phenylhydraziiie, but in an exactly simila.r manner. It 
decomposes quantitatively into p-toluidine, nitrogen, ammonia, and 
toluene, thus : 

2CH,'CcH|-NH'KIl2 = CH3-Cf,H4-NHo + K5+NH3 + CoHyCHj. 

o-Tolylliyiirazine beliaves similarly to the jj-compound, and yields 
0 -toluidine, nitrogen, ammonia, and toluene. 

Actio7i of Heat on ]>Bromo^h€JnjU^(Irazu]e, 

p-Bromophenylhydrazine at an elevated temperature decomposes 
much more easily than the iinsubstituted phenylhydrazine 
' heated above its melting point, bubbles of gas are given off e wee 
115° and 120°. At about 140° the gas evolution becomes rap . 
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„m,-ldy rises to about 210» tho action becoming v'ilnf ^"‘Perature 
liiack residue, winch dissolves in alcohol to a\l„i r^' f 
,tc dntilliug flask. On distilling, it yields ooLid 

M-omoboiizene and ;;-l:ronioaniline. m ' ® of 

die usual primary hydrazine type: '' « of 

t’CjHjBr-NH-NH„ = CjHjBi-NH, + N, ^ jj- ^ q „ „ 
tut other subsidiary reactions take place tc,; smaU ex^T 

.Utio^ of H. at on the. XajAUntlhyJrazhm. 

When a^na.pbtliylliydrazine is i 

biibbk's of nitragen ^nd a little ammoni! ^^^elting point, 

lilO". As the temperature is raised the r f r 
((udl at about lj40— 26U“ it is very virrorr ^ i^oreascs, 

being rapicliy liberated, whilst naphthfienc^'i sTt 
the solid residue, it is found to consist T' ^*’.''*"‘'“*''2 
a-iijplitliylaimue and naphthalene The d ‘ ' ■ '''”‘^“>'6 »f 

luaudlatively, thus: *™"’P««tion takes place 

2C,„HpNII.NH,=.C,„npNH.. tK, + NH ' f' n 

/J-hapldliylliydrazine decompo.ses similarlv I t“ ’ 
liberation of ammonia is noticJable even at 6()o T'™ 

01 nitrogen form rapidly in the melted IL’ 7l 
becomes, as before, more vigorous as tbl Z''* ^^‘^^•'^mposition 

On distilling the residue after tbo ^ i /^^^^peiature rises to 250° 
found to consist of /S-najihthvlaniiir'' 7 '■'‘•'used, it is 

Anfo-rediietion of tlmm lu“ 

‘■ii'hle e.Ktent at the ordinafv temperahmr ""T 

ammonia can be recognised ' by till, " naphtl.alene and 

a imphthyihydrazine which has\fen hmirf", 1“"^' ®P«'-imeii of 
^t.en jve]it tor a long time. 

■■' 0 « ■^^-linAaajthifdraehu. 
««-Dipheiiy]hjdra.ziuc gave off a 

noticeable cvolutimi of melting, 

'''ben nitrogen and arnmA ' * until about 260—270° 

“““• After heating some ti, t' S' “o"*''''''*'™'! the 
^’eased, and the residnr. , ■ i ^ evolution of eras 

P«''e diplienylamine, only f hu]e’ jj7ad pi'^i'Clicaily 

t» prweed prLtioa ly The action was 

■^Illation : ^ 'l^iantitatively according to the 

3N(C«Hs)yNII, = 3NH(CJI,y, + N, + nh,. 
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Action of lical on ^,%-PheMylmethylhydrazinc. 

Fifteen grams of fl.^plienylmetliylhydrazine were made to hoi] 
gently for al>ont eight hours in the apparatus previously described 
the air having been displaced as before by hydrogen. Nitrogen and 
ammonia were continuously evolved. When evolution of gas bad 
ceased, tlio residue in the flask was distilled, and found to consist of 
mcthylaniline. The action is thus similar to that which takes 
when c/s-cUphenylliydraziiie is heated, and may be rcpresentcdtliu?- 
3C,lfpN(CH3)-NH^=3C(;Il5-NH*CH3 i- + NH 3 . 

Ad ion of Kent on ^-Dlyhcnylhydradne. 

It has long been known lliat the hydrazo-compounds, when heated 
alone, decompose into azo-derivatives and anilines. This was first 
noted by Hofmann (7Voc, Hoy. Poc., 1863, 12 , 577) in the paper 
ill which he described the discovery of hydrazohenzene. tVheii 
hydrazolicnzenc is heated to about 200°, autoreduction begins, with 
so considerable an ('volution of heat that if more than a few grams 
he taken, the reaction proceeds to completion, even if the flame is 
witlidra-wn. The product then distils between 210° and 225°, the 
bulb of the thermometer being immersed in the liquid. The 
distillate is a red oil, from which azobenzene crystallises on cooling, 
It consists solclv of aniline and azobenzene, the reaction proceeding 
quantitatively according to the equation : 

2C,,H;;NII*Nn‘CJI--2C(;H^-NH2+CcH,;N:N-CJT,^ 

The s-ditolylhydrazines behave exactly similarly on heating, whilst 
moiioacetylliydrazobcnzcne yields aniline, acetarnlide, and azo- 
benzene. The reaction therefore is a general one. 

UNLvensrry Chemic.^l Laboratory, 

Oxford. 


LI . — A SijnAii'Ms oj Derivatives of PhevMhioxin. 

By Thoma.s Peucy Htlditcii and Samuel Smiles. 

During the investigation of certain aromatic hydroxysulphoxides 
(Gazdar and Smiles, Trans., 1910, 97 , 2248), attempts were made 
to obtain triarylsnlphoninm bases from them by condensation 
a phenolic ether in presence of concentrated sulphuric acid, but the 
desired result was not obtained. The negative results obtainc 
with these suiplioxides of p-cresol and p-chlorophenol seeme 
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for the corresponding ethers, ^-cresetole and ^^-chloro- 
bcTictoIcs sulphoxides, condense readily under the stated conditions, 
y -inff <rood yields of the aromatic sulphonium salt (compare Smiles 
and Lc^Kossignol, Trans., 190S, 93 , 709). 

The experiments described in this paper were undertaken with 
IK' object of ascertaining the cause of the inactivity of these 

hvdroxy-sulphoxides. 

The preparation of the latter substances and their chief 
(Icrivalives has been described in the previous paper (Gazdar and 
.'^jiules, /or. cif-). In that place, attention was drawn to the fact 
that all the hydroxy- or alkyloxy-siilphoxides hitherto prepared 
furnish intensely coloured solutions with concentrated sulphuric 
ackh and that it is probably the nature of the substances then 
formed which determines the reactivity of the sulphoxides in this 
solvent. 

it has now been found that the moderately prolonged action of 
viilphiiric acid on the sulphoxides of p-crcsol and p-chlorophcnol 
yields the phenotliioxin oxides represented by the following 
formula; : 



Taking first the dimethyl compound, it is evident that the 
sulphoxide from which it is prepared has tlie structure (III), 

/Noh ho/N 

so— 1^/lcii, 

(III.) 

for the dimethyl ether obtained from it by methylation is identical 
vith tlie di-p-cresol methyl ether sulpho.xide which has been pre- 
viously shown to have this structure (Le Rossignol and Smiles, 
Trans., loc, cit.). The coiistitutiou which is now ascribed to the 
product obtained from this sulphoxidc by the interaction with 
sulphuric acid is shown by the facts : 

1. It is produced by loss of the elements of water from the 
hydroxy-sulphoxide. 

2, When reduced, it loses one atomic proportion of oxygen, and 
lb When oxidised, it absorbs the same quantity of that element. 
4. ^Neither the substance itself, nor the products of its oxidation 

or reduction, contain hydroxyl 

It may also be observed that the molecular weight of the 
reduction product corresponds with this structure. 


Iio/N 
St) — t^yui 

(IV- ) 
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From this constitution of the substance, those of the reduction 
and oxidation products follow; these are respectively the plieno. 
thioxin itself (V) and the phenothioxin dioxide (VI): 

CH3-C,H3<:^CeH,-CH3 CH3-C,H3<'|^>Cehr3-CH3 

(V.) (VI.)' 

The constitution of the dichloro-compound cannot be said to be 
based on such rigid proof that of the dimethyl derivative, for 
the structure of the p-ehlorophenol sulplioxide has not been so 
definitely established. But the product obtained by tlie action of 
sulphuric acid with this sulplioxide so closely resembles dimethvl- 
phenothioxin oxide in its clieinical character, for example, hidiaviour 
on oxidation and reduction, with sulphuric acid, and absence of 
hydroxy], that no reasonable doubt can be entertained of the cyclic 
structure (IV) now assigned to it. It follows thence that tbe 
sulphoxide has the constitution indicated above (IV). 

Further to confirm the phenothioxin structure for these sub 
stances, we have examined the naplithathioxin previously obtained 
by Maiithiicr {Ber., 1906, 39 , 1345) from the interaction of 
j8-naphthol sulphide and phosphoryl chloride. This substance may 
be converted into the oxide by interaction with hydrogen dioxide 
and into the dioxide with permanganate in glaeial acetic acid. 
The behaviour of these substances agrees closely with that, of the 
derivatives under consideration. Experiments have also been made 
to obtain the pheiiothioxins directly from the sulphides of p-cmol 
and of ^j-chlorophenol (compare Gazdar and Smiles, lor. rit.) by 
dehydrating agents. It is remarkable that negative results* iveie 
obtained even with hot sulphuric acid, zinc chloride at 200®, or 
boiling phosphoryl chloride. Since dichloro- and dinictliyl- 
phenothioxin oxides are formed by the action of cold sulpliuiic 
acid on the sulphoxide, it appears tliat this reaction cannot be one 
of simple dehydration, for, if it were, it is to be expected that the 
sulphides would behave similarly, at any rate with hot dehydrating 

agents. , , . 

Such considerations lead to the assumption that the tniony! 
group plays some part in this reaction, and that the phenothio.Kin 
oxides are not the first products. This view is justified by the 
fact that the maximum yields of the cyclic compounds are on y 
obtained by prolonging the reaction. In fact, if the action e 
stopped at an early period, by mixing the acid solution with wa .er, 

Ir.jp ay bo obsorvoil tliat the sulplulc of ^-naphtliol yields the phuiot 
with the'^-namoil of these reagents (Maulhner, lor. dL), In 

sulphide pro^mdly differs from that of other aromatic ortho-dihydroxysu p i 
other respects, example, oxidation. 
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entirely different products are obtained. It is thus evident that, 
although the phenothioxin oxides do not condense with phenolic 
ethers to give sulphonium salts, the cause of the inactivity of the 
nrciit sulphoxides must be sought in these initial products. Tlie 
Iiatui'c of the latter is now under investigation. 

]t niav ho observed that the phenothioxin oxides are not the 
oiilv products of the prolonged action of sulpliuric acid with the 
..uiphoxides, for the yields are not good, and sulphonation is 

extensive. ... . 

Xhe plicnothioxin series is but little known; indeed, previous 
]'nowled«'e of this group is entirely due to Mauthner (/fee., 1905, 
38 Ull; I9thij 39 , 1340), who synthesised two members of the 
scries from o-thiolphenol and picryl chloride or d-chloro-S: 5-clinitro- 
beiizoK' acid. IFroni tlie last-named siihslance, the parent compound 
was obtained by cUminating the nitre- and carboxyl groups. 

Observations made with the three series of derivatives embraced 
bv the present experiments show that in certain respects these 
"ubstaiices resemble the analogous series of thiodiphenylamirie. It 
iias been elsewhere shown that the o-sulphoxides of diphenylamine 
yiclcl (Barnett and Smiles, Trans., 1909, 95 , 11053) the intensely 
coloured azothioniuni salts with mineral acids, and a similar 
behaviour has now been observed with the n-sulplioxidcs of diphenyl 
ether, but in the latter case anhydrous acids of dehydrating power, 
for example, sulphuric acid, are necessary. Moreover, there is a 
striking similarity in the action of sulphuric acid on the sulphides 
of the Uyo scries, Thiodiphenylainine is at once oxidised by the 
cold reagent to the azothionium salt, sulphurous acid being 
liberated; the phenothioxins are also oxidised by this reagent, 
giving solutions of an intense blue colour. It may be further 
observed that tliese o-sulphoxides of diphenyl ether do not contain 
substituents of strongly acidic character, and they do not yield 
y-aryl derivatives when treated with a pilien olic ether in sulphuric 
acid solution. The same fact has been observed with similar 
derivatives of diphenylamine a-sulplioxide, and it has been shown 
(Barnett and Smiles, Trans., 1910, 97 , 309) that the disappearance 
of this characteristic reaction of the thionyl group is due to the 
immediate conversion of the sulphoxide to the azothionium salt. 
With sulphoxides of weaker basic power, the rearrangement to 
azothionium salt proceeds slowly, and the condensation may be 
effected before this has taken place. 

To account for the absence of this characteristic reaction of the 
thionyl group from the phenothioxin oxides in this solvent, and to 
display the close analogy between this series and that of thio- 
diphenylamine, we consider it necessary to represent the products 
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of interaction of the phcnothioxin oxides and sulphuric acid as 
phenothioxonium salts. 

Attempts to isolate these substances have not as yet been sur- 
ce.ssful, for on diluting the acid solution they are hydrolysed, and 
other substances are formed. 

The relations between these series are indicated by tlie followiiv-r 
formulae : 






S(Ac)'^ 

CH3'C,H,<®>C„Il3-CH3 


nr.irt 

^ 

oxidiiUoii 




CH3-C3H,<y‘j>C,U3-CH 


Experimental. 

2 ; l-l)i'iticlJ(yI'phc'i}ot]i'io:cin ^ 

'P'Crcsol o-sulphoxide, in quantities of 20 grams at a time, ^vas 
triturated with cold concentrated sulphuric acid, and the solution 
thus obtained was set aside at the atmospheric temperature for four 
hours. It was then carefully poured into cold water, and tie 
muddy precipitate was collected and washed with water until free 
from kdphuric a-cid. The solid was triturated with aqueous alkali 
hydroxide, and a little alcohol was added to the mixture, whick 
was then set aside for sixteen hours. T’he insoluble portion was 
then collected, washed until free from alkali, dried, and finally 
crystallised from dilute alcohol. The product melted indefinitely 
in the neighbourhood of 65'^, and analysis showed that it was a 
mixture of the phenothioxin and its oxide. To obtain the sub- 
stance in a pure condition, the product was converted into the oxide, 
and this was reduced. 

Eimethylphenothioxin oxide was reduced in hot glacial acetic 
acid with zinc dust, and when reduction was complete, the excess 
of zinc dust was removed, and the filtrate mixed with water. Aa 
oil was precipitated, which quickly solidified j it was crystallise 
from dilute methyl alcoliol, from which 2: l^imeihylfhcnimom 
separated in colourless leaflets, melting at 74° : 

0-1926 gave 0-3224 CO. and 0-0930 H.O. C==73-9; 

0-4110, in lfi-79 c.c. of benzene gave -0-547°. * 

C^iHinOS requires C = 73'7; H-5-2 per cent. M.\V. = 2 Lc. 

Nitric acid readily attacks the substance, but no definite nitr 
derivative could be isolated, for, on modifying the conditions, ci 
the interaction was too violent or none took place. 
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Tlie substance possesses an odour resembling that of geraniums; 
it is insoluble in water, and readily soluble in most organic media. 
h dissolves in concentrated sulphuric acid, the solution rapidly 
becoming blue, whilst sulphurous acid is evolved. 

2 : 7-Dimethyl'phenothiozin Oxide, 

The crude product, obtained as described in a previous paragraph 
from ;^c^esol o-sulphoxide and sulphuric acid, was dissolved in cold 
glacial acetic acid. To this solution an amount of hydrogen 
dioxide was added slightly in excess of that required to convert 
all pheiiothioxin to its oxide. The mixture was set aside at the 
a-tmosphcric temperature, and after twenty-four hours it was mixed 
with water. The solid product was recrystallised from dilute 

alcohol. 

2 : 7 -DimetJnjl'phenothioxin oxide forms colourless needles, which 
melt at 13'^^ — 133°. It dissolves in sulphuric acid, the solution 
being of an intense blue colour : 

0T143 gave 0’2S75 OO^ and 0'0557 HoO. C — 68‘7 ; H— 5*4. 

Ci^H^,, 02 S requires C~ 68 ' 8 ; 11 = 4’ 9 per cent. 

2 : 7-Dimethylphenofhioxin Dioxide. 

A .solution of the oxide in cold acetic acid was mixed with the 
calculated quantity of finely powdered potassium permanganate. 
Solution of the permanganate was assisted by continual shaking, 
and finally the mixture was set aside for a few hours. Water was 
then added, and sulphurous acid was passed into the turbid mixture 
to effect complete dccolorisation. 

The solid was collected and crystallised from alcohol, when 
'2:l-dimxt}vylphe}iothioxin dioxide was obtained in colourless 
prisms, which melted at 172°: 

0T132 gave 0‘2693 CO. and 0-048o ILO. C“61'88; H-4-8. 

C 14 II 1 ..O 3 S requires C — 64’62; H = 4'6 per cent. 

2: l-DichloroplitnoUiioxin Oxide. 

p-Chlorophenol o-sulphoxide was treated with sulphuric acid in 
the manner already described with the cresol derivative. Com- 
parative experiments sliowcd that the maximum yields of the 
plienothioxin derivative (about 25 per cent.) were obtained when 
the interaction was allowed to proceed for four hours. In this case, 
however, the product did not appear to contain the plienothioxin, 
for after it had been rccrystallised from alcohol, 2 : 1-dichJoro- 
phenothioxin oxide was obtained in shining prisms, which melted 
at 1 G 8 ° : 
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0‘1005 gave 0‘1880 CO 2 and 0’0200 E^O. C-5r0; II = 2'2. 
0-1093 „ 0-2035 002 ,, 0-0255 E 2 O. C = 50*7; H = 2-5. 

CjEgOoCUS requires C = 50-5; H=“2‘l per cent. 

The substance gives an intense blue solution with cold sulphuric 
acid, but no sulphonium base is formed on adding a phenolic 
ether to this. In one experiment, excess of phenetole was added 
to the cold solution in sulphuric acid, and after about half an hour 
had elapsed, this was poured into water. The recrystallised product 
was found to contain dicblorophenothioxin, and a sample was 
isolated wdiich melted at (Found, C-53-2; H = 2-7. Calc,, 

C-53'5 i H = 2-2 per cent,) Ko sulphonium base could be detected 

Attempts were made to obraiii these plieiiothioxin derivatives 
by the action of other dehydrat.ing agents with the hydro.vy- 
siilphoxide or sulphide, but with negative results. The reagciits 
employed were fused zinc chloride at 120° and 200°, boiling 
thionyl chloride, boiling phosplioryl chloride alone or in xylene 
solution, and boiling phosphorus trichloride. AVith the latter 
reagent, the sulplioxide was reduced to sulphide (m. p. lT4h. 
{Found, C-50-3; H-S l. Calc., C-50-2; H-2-8 per cent.) 
Warm sulphuric acid acting for one hour also gave negative Tesiills 
with p-cresol o-sulphide. 

2 : 1 -Dlchlora phenotltioxiu; Cl’C^-Ug-^g^CgHg'Ch 

This substance was obtained by reducing the phenothioxiii oxide 
with zinc dust in acetic acid, the process being similar to that 
already described with the dimethyl derivative, It separates from 
hot alcohol in long, slender needles, which melt at 135°: 

0-1163 gave ()-2262 COo and 0-0232 HoO. C-^SS'O; 11 =-2-2. 

0;j.-JI^OClo8 requires C — 53-5; H — 2-2 per cent. 

The substance hs oxidised by coucenlratcd sulphuric acid. 


2; "{J)}chlhr<ri)he}wtliw:r\n Dioxidt. 

This ivas prepared from the monoxide by oxidation, as desciihed 
with the dimethyl derivative. It separates from hot alcohol m 
small, colourless prisms, which melt at 196 . 

0-1310 gave 0-2322 CO. and 0-0294 II.O. 0 = 48-3; II-2-49. 

requires C-47-8; H = T99 per cent. 

y (vphlltdfJiloxln O.i'uJe, 


(«) F,vm yaiihtlwfhioXn and Hydrogen -Kaphtb^ 

thioxin was piepared from ^-dihydroxy-o-dinaphthyl sulp i . 
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interaction with phosphoryl chloride in boiling xylene, as described 
{v ,Ma.utliner {Ber., 1906, 39 , 1346). A solution of this substance 
in a mixture of acetic acid and anhydride, which contained a 
excess of hydrogen dioxide, was set aside at the atmospheric 
tcnipcrature. After four days the mixture \va5 poured into water, 
iind the solid product which then separated wa,s collected and re- 
(^.rystallised from hot acetic acid. Naphthathioxin oxide, prepared 
in this manner, forms pale yellow needles, which darken and melt 
at 221°. (Found, C = 75‘3; H^4‘0. Calc., C = 75'9j H=^3‘8 per 
cent.) 

Tlie solutions in sulphuric acid are of a deep blue colour. This 
giihstaiicG has been previously prepared by Maulhner {lor. at.) by 
tlie oxidation of naphthathioxin with chromic acid. The product 
of this nudhod was red, but it melted at the same temperature 
as that now given. 

(h) From ^-Dihydro.rij-a-dhuii^hfhyl Fidyliide and Stdjjhuric 
[ _-Tliis substance readily dissolves in sulphuric acid, but 
oxidation sets in immediately, the solution becoming blue, and 
siilpluu'ous acid being evolved. In one experiment, tlie mixture 
was set aside for twenty -four hours, and then dealt with as 
described in the preparation of the phcnothioxiii oxides from the 
?ulplioxidos of ;p-cresol and 7 >cldoi'opheuol. The product was 
repeatedly crystallised from hot acetic acid, and finally naphtlia- 
thioxin oxide was obtained. It was identified by tlie melting point 
of a ini.xture with that substance obtained from other sources. 

y aidithathloxin- Dloxuh, 

Xapiitliatluoxin ^vas oxidised in acetic acid solution with 
potassium permanganate in the usual manner. The product was 
ciTsialUsed from hoiling acetic acid, in which it is sparingly soluble. 
It farms colourless prisms, which melt at 2G8^: 

0-1043 gave 0-2744 CO. and O'OSGl ILO. C- 71-74; H -S’S. 

C.yHioO^S requires C = 72'3; H — 3-6 per cent. 

T/ff Ethers, of \)-Cfe&ol and p-C/z/orop/itv/o/ o-Stdpho.rides. 

The methyl ether of p-cresol o-sulphoxide was prepared from the 
corrcspoiidiug phenol by interaclion with metlnl iodide in alkaline 
•wUition of metliyl alcohol. The product of the reaction was treated 
HI a manner similar to that described in the alkylation of phenol 
p-sulphoxidc (Trans., 1907, 91 , 1120). It was purified by crys- 
tallisation from ethyl acetate, when it was obtained in colourless 
which melted at 134°. A mixture of this substance and 
tbe product obtained by direct sulpliination of p-tolyl methyl 
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ether melted at the same temperature. The coustitution of the 
latter has been previously discussed (Le Rossiguol and .Smiles, 
Trans., 190S, 93, 745). 

The ethyl ether of 27-chloropheiiol o-sulphoxide was prepared Ijy 
direct sulphination of p-chlorophenetole, the process being similar 
to that formerly described (Le Rossiguol and Smiles, loc. cif.) ^^it], 
p^tolyl methyl ether. 

The substance crystallises from ethyl acetate in fine needles, 
which melt at 145^ : 

01130 gave 0*2234 COo and 0*0485 HoO. C = 53‘9; H^4*7. 

CjcHicO^iCUS requires C = 53*48; H = 4*46 per cent. 

Roth of these ethers of p-cresol and ;|^chlorophenol sulplioxide 
give blue solutions with sulphuric acid, and condense in that 
medium witli phenetole, when the colour is discharged. The corre- 
sponding hydroxy-sulphoxides * do not undergo this condensation 
under like conditions. 

In conclusion, we desire to thank the Research Fund Committee 
of the Society for a grant which has defrayed the cost of these 
experiments. 

The Oi:oaxic Chemistry Laboratory, 

UsiYER.SITY Co LI. ROE, LONDON. 


XjXI, a-])-lIt/dr(>:cy-m-meJ]ioxypheriylefhylcmurie and ik 

Resolution of a-iyllydroxyphemjkthjlmmne. 

By Charles Watson Moore. 

It has several times recently been shown that the enantio- 
morphously related compounds may differ considerably m bey 
physhlogical action. Thus, Cushny (•/. Phynol, 1904, 30, <6) I s 
shown that Miyoscyamine is considerably more active jcal v 

than the corresponding (f-base (compare also Trans ’ 

1969). Similarly, the same author has noted {fharm.> Joian., ^ - 
82, 56) that the stereoisomeric epinephrines ( . 

(13-3 ■ 4-trihvdroxy-3-phenylcthylmethylaraiiie8) show great diffe 

in the relative intensities of their effect on the blood pressm 
The base a- 2 J-hvdroxyphenylethylarmnc, described y J 

Caton, and Hann (Trans., 1909, 95, 2113), exerts an action on^t ^ 
• It was femKTly .stated in error (Gasdar and Smiles, Trans., IMO, 93, 

that tile suipho.vide of ii-chlurothciiffi tiuH coiideiisatioii. 
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the 

llood pressure somewhat similar to that of epitiephrine, although 
• * a less degree, and, since the former base contains an asymmetric 
^iihon atom, it was considered of interest to ascertain whether the 
ricallv active bases, obtained by its resolution, would differ in 
Tvdological activity. o-p-Hydroxyphenyletbylamine if-campbor- 
n'fphonate was therefore prepared and sulnnitted to fractional 
"w^talHsation, wdien the salt of the hevorotatory base was easily 
ubraiued in a pure condition. 

/-a-p-Hydroxyphenylethylaniine cf-ca.mpliorsulpbonate melts at 
.iiVP and the specific rotation of the base contained in it, 

nlculated frojn that of the salt, is -7-9°. The salt of the 
,M)ase could not be obtained in a pure condition, the specific 
lotalioM of the base contained in it bedng [a]^ +G'9^. Optically 
piire benzoyl derivatives were, however, obtained from botb of the 
.icrooisamcric bases. Tlie effect on llie blood pressure of the h and 
r//-bases was determined by Dr. II. II. Dale, of tlie Wellcome 
Pliv-iol^i'dcal Research Laboraloi-ies, to wliom tlic author now 
his thanks. No difference in physiological activity 
between the two bases was observed, and it is tliereforo evident 
that in this case the enaiitioniorphous forms possess an equal 
(ic^rec of physiological activity. 

A quantity of acctovanilloiie (4-liydroxy-3-rnethoxyacctoplienone) 
licinL'' available, it was considered of interest to prcpai'c the corre- 
spoiidiitg a-^-hydroxij-m-nufJioxij'phciri/h^llii/htm’nii: from it. This 
cotiipouiid was obtained by the reduction of acetovaniboucoxime, 
and its hyclrochlorido and benzoyl derivatives have also been 
characterised. It has been found by Dr. II. IT. Dale, as was 
a.nticipatcd, that the hydrox 3 urietlioxy-base is slightly less active 
plivsuilogically than the above-mentioned a p-hydroxyplienyictbyl- 
aniinc. 

Expeuimental. 

a-p-lJyil roxy-m-m ctli oj'ypli e yhim inc. 

Acetovanillone (4-bYdroxy'3-n]ellioxyaceto].)lienone), as obtained 
from the rhizome of Aporynum- aiulroHK Linne (Moore, 

Tiaiis., 1909, 95, 734), was converted into its oxime in the usual 
manner. 

Kighteen grams of acetovariilloneoxirne were dissolved in 250 c.c, 
of acpieous methyl alcohol, and twice tlie theoretical amount of 
3 per cent, sodium amalgam gradually introduced, the mixture 
being kept acid by the frequent addition of acetic acid. When 
all reaction had ceased, water was added, the alcohol distilled off, 
a.nd the aqueous liquid extracted with ether to remove unchanged 
oxime, after which it was rendered alkaline by means of sodium 
carbonate, and thoroughly extracted with amyl alcohol. The amyl- 
VOL. XCIX, F F 
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alcoliolic liquids were extracted with successive quantities of 
hydrochloric acid, and the combined acid liquids concentrated und'*' 
diminished pressure, when, on cooling, 
jihenyUthyUimhie hydrochloHde separated in glistening 
This salt is readily soluble in water and alcohol, but can te re 
crystallised from a mixture of alcohol and ethyl acetate, xie 
quantity so obtained amounted to about 8’a grams : 

0-1490 gave 0'2938 CO. and 0-093G II.O. C = 53-7; n==7'0 

0-1710 „ 0-1180 AgCl. Cl = 17-0. 

CjHj;.Oo^hHCl requires C==n3-1; H = 6-9; Cl=17-4 per cent, 

A methoxyl determiiiatioii by Perkin’s modification of the Zei«e' 
method gave the following result: 

0-2136 gave ()-244 g Agl. OMe-lfD-l. 

C,^IIiiONC'l'OMe requires Oh'lB-15‘2 per cent. 

a-ip-I[ijdrorj/-m-n)clhoTyj)Jie?ii/hlhijhninne was obtained from ii? 
liydrochloride by the action of sodium ethoxide on an alcoholic 
solution of the salt, Five grams of the hydrochloride were dissolveil 
in about 25 c.c. of warm absolute alcohol, and to the solution 0'53 
gram of sodium, dissolved in 10 c.c. of absolute alcohol, was added. 
The precipitated sodium chloride wa,s removed by filtration, and 
the filtrate cooled, wlicn the base separated in glistening prisms, 
melting at 158°. The quantity so obtained was only Vo gram?, 
and on concentrating the alcoholic mother liquor, only aniorpliou? 
products were obtained. As only 95 per cent, of the theoretical 
amount of sodiiiDU ethoxide was employed for the liberation of the 
base, this change can only be attributed to the unstable nature of 
the substance in solution. A similar plicnomenon was observed 
on rccr3-stallising the base, but the latter, w-hen in the crystallinB 
state, is quite stable: 

0-1338 gave 0-3180 COo and 0 0970 H.O. C-64-8; H = 8-0. 

0-2806 „ 20-0 c.c. No at 23° and 755 mm, IN — 8-2. 

CytliAN requires C = 64-7; H = 7-8; N-8-4 per cent. 

A methoxyl determination by Perkin's modification of tliR Zeisel 
method gave the following result : 

0-2240 gave 0-3095 Agl. OMe.^18-2. 

C^^HujON-Oi'kle requires OMe=18-5 per cent. 

The dihen-jfyl derivative, prepared by the Schotten-Baiimann 
method, crystallises from alcohol in glistening plates, melting at 
178°: 

0-1326 gave 0-3574 CO., and 0'0686 H..O. C-73-5; H = 5-7. 

C23H21O.JN requires C=:73-6; H — 5-6 per cent. 

a-\i-IIydroxy-m-metho:vy-'l^-henso7jl'ph enyhthylnmTne -was obtained 
by heating the dibenzoyl derivative for some hours with a 10 
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alcoholic solution of potassium hydroxide. It crystallises from 
ilcobol in glistening needles, melting at 168°: 

01:^30 gave O'SlTO OO 2 and 0-0711 HgO. C-70-3; H = G-4. 

Ciciii 7 ^ 3 ^ requires C = 70'l; H = 6-3 per cent. 

fhe Ecsolution of a-'^-Hydroxy'phemjlethylamint. 

a.^-Hydroxyphenylethylainin© hydrochloride Tvaa first prepared 
iv Tiitin, Caton, and Hann [loc. cit.), by the reduction of 2Jdiydroxy- 
J-etopbenoncoxiine, according to the above-described metliod for 
he preparation of a-p-hydroxy-m-methoxyphenylethylamine hydro- 
•hloride. The yield of hydrochloride obtained by these authors 
,vas only about 30 per cent, of the theoretical. In view of the 
vbovc recorded observation respecting the instability of a- 2 ;-hydroxy- 
-/i.niftboxypbcnylethylaminc, it seemed advisable to isolate 
i-P'bydrnxypheiiyletbylamine hydrocliloride without ever liberating 
he free base. The following modification of tlie original method 
.vas accordingly employed. 

Twentv-seven grams of ^^hydroxyacetophenoneoxinie were dis- 
ailvedin 300 e.e. of aqueous methyl alcohol, and twice the theoretical 
:uiioinit, of 3 per cent, sodium amalgam gradually introduced, tlie 
iiii.vture being kept acid by the frequent addition of acetic acid. 
When the reduction was finished, hydrochloric acid, in slight excess, 
was added, and the solution evaporated to complete dryness under 
.iiiiiiiiislicd pressure. During the concentration most of the 
sodium chloride separated, and was removed by filtration. The 
(hial residue consisted of the hydrocliloride of the base, together 
with a little sodium chloride, from which the former was obtained 
liy extraction with cold absolute alcohol. The yield was about 
lU per cent, of the theoretical. 

ijdro.ry'pfn'nyltthylinni fit di-ca vi yhorsnhphonat e was obtained 
bv the interaction of a-p-hydroxyphcnylcthylaminc hydrochloride 
attd silver ^f-campliorsulphonate in aqueous solution. The pre- 
cipitated silver chloride was removed by filtration, and the filtrate 
evaporated to dryness under diminished pressure. 

l-cc-p-// ijdro.tyylicnyhtliylam iric d-Camj)Jt orsuipho?w(c, — The crys- 
talline camphorsulphonate thus obtained was dissolved in hot 
absolute alcohol, when, on keeping for a short time, a crop of 
crystals was obtained, melting at 200- 202°. On recrystallisation 
from alcohol, the melting point rose to 203 — 205°, when it remained 
constant. The .salt forms small, glistening plates, readily soluble 
in water and hot alcohol: 

0-3151 gave 0-2010 BaSO^. S = 8-7. 

CjgHg-OjNS requires S = 8‘7 per cent. 


F F 2 
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0*4838, made up to 20 c.c. with water, gave, in a 2 -dcin. tub^ 

4 - 0°32', whence [a]j, + 11*0° j [M]^ + 40*6° 

0*4480, made up to 20 c.c. with water, gave, in a 2 -dcm. tube 
Oj, +0°29^ whence [ajj^ +10*8*^^ [M]i, +39*8°. 

The molecular rotation of (^-camphorsulphonic acid is [l{]^ 
whence the basic ion has [a]p — 7 9*^. 

The Ulibeiizoyl derivative, prepared by the Schotten-Baumanu 
method, crystallises from alcohol in long needles, melting at 210^ 
0*1452 gave 0*4090 CO^ and 0*0745 H 2 O. C-76*8; H=5*7. 

C 02 H 19 O 3 N requires C-76*5j H = 5*5 per cent. 

A determination of its specific rotatory power gave the following 


result ; 


0*3502, made up to 20 c.c. with chloroform, gave ~0‘^40' in 3 
2 -dcm. tube, whence — 19 0°. 

was formed on beating 

the dibenzoyl derivative with a 10 per cent, alcoholic Bolntion oi 
potassium hydroxide. It crystallised from dilute methyl alcohol 
in small, glistening needles, conUining 1*5 molecules of water of 
crystallisation. The anhydrous substance melts at 144°. Tins sub- 
stance appears to be dimorphous, as the racemic modification, 
prepared by Tutin, Caton, and Hann (loc, cit.), forms large, 
hexagonal prisms, melting at 156°: 


0*5040 (air dried) gave, on heating at 110°, 0*0495 HA). IhO-9'8. 
0*1388* gave 0*3804 COo and 0*0794 HoO. C = 74*7; H-6-3. 

requires HoO -^lO O per cent, 
requires C = 74*8; H = 6*2 per cent. 

A determiimtion ot its specific rotatory power gave the tollorin; 
result : 

0-2150,* made up to 20 c.c. with chloroform, gave -PS' i» 
a 2-dcm. tube, whence [a],, -52-T°. 

The alcoholic mother liquor from which the first crop of errsU 
had been removed, as above described, was concentra c o a ■ 
volume, when a quantity of crystals, melting from 180 to lJU . 
obtained. Tins was removed, and the 

large volume of ethyl acetate, when it yielded a final fra^ 
melting at 163-165°. This final fraction consisted large) 

•salt of the dextrorotatory modification, but all attemp s 

it pure were unsuccessful. tnlloivini 

A detei-mination of its specific rotatory power gave the 


* Aiilijxlrons sul)iitaiicc. 



the resolution of a-P-HYOROXYPHENYLETHYLAMINE. 421 

0 * 4338 , made up to 20 c.c. with water, gave + 0^42-7' in a 
|.dcm. tube, whence [a]jj +16*4°; [M]j, +60'5° 

The molecular rotation of ff-camphorsulphonic acid is [MJj, +51°, 
whence the ba^ic ion has [a]^ +6*9°. 

The d'dihen^ot/l derivative, prepared by the Schotten-Baumann 
iiethod, crystallised from alcohol in long needles, melting at 205°. 
Viter recrystallising from ethyl acetate, the melting point wag 
oiistant at 210 • 

0 1460 gave 0*4104 CO^ and 0*0745 H^O. C = 76*6; H = 5 * 6 . 
C.,..Hig 03 N requires C:^76*5j H^5*o per cent. 

A deterniination of its specific rotatory power gave the following 
•esult : 

0-3348, made up to 20 c.c. with chloroform, gave +0°37' in a 
tube, whence [aj^ + 18*4°. 

d-a-Tp-Hijdroxij-‘N-henzoylphentjl€ihyIaw,me was formed on heating 
he dibcnzoyl derivative with a 10 per cent, solution of alcoholic 
Kitassium liydroxide. It crystallises from dilute methyl alcohol in 
disteuing needles, containing ho molecules of water of crys- 
tallisation. The anhydrous substance melts at 144° : 

0-2850 (air dried), on heating at 110°, lost 0*0275 H., 0 = 9-6. 

0 1410 gave 0*3880 CO. and 0*0796 H.O. C-75‘b; H = 6*2. 
^i 5 lIi 5 C> 2 N,l*oH. 2 d requires H.O = 10 0 per cent. 

requires 0^74 8; 11 = 6*2 per cent. 

A determination of its specific rotatory power gave the following 
result : 

0*1494,^' made up to 20 c.c. with chloroform, gave +0°49^ in a 
2-deiii. tube, whence [a]j, + 54*6°. 

In conclusion, the author wishes to express his thanks to 
Mr, Frank Tutin for suggesting this investigation. 

Thu Wellcome Chemical Research Lahoratories, 

London, E.C. 

* Anhydrous substance. 
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lAW.—The Formation and Reactions of 
compounds. Part XV. The Froduciii))i 
Imino-denvatives of Piperidine Leading (q f 
Formation of the ^^-Disuhstiiuted Glutaric Acuh 

By FRnBTNAKD Bernard Thole and Jocelvn Field Tiioihi: 

The methods at present in use for the production of the 
stituted glutaric acids are, for the most part, long and tedious 
operations, requiring the aid of large quantities of cxpeiisivo 
material. Thus, jSjB-diinetliylglutaric acid, 

CO.H-CH^-CMeyCIIn-COJI, 

^vhich is the simplest and best known member of this series, car 
he prepared either by the oxidation of dimothyldiliydroresorciunl 
(Crosslcy, Trans., 1899, 75, 777 ,; Komppa, Tlrr., 1899, 32, 1423) 
or by the condensation of ethyl sodioeyanoacetate with ettv' 
jBJ^-diniethylacrylate, and the subsequent hydrolysis of the con- 
densation product (Perkin and Thorpe, Trans., 1899, 75. 49?. 
Both these methods of foriualion yield the acid in lari;: 
quantities, but the preparation of the initial material ahvav? 
occupies a considerable period of time; moreover, the aljGve- 
mentioned reactions have only been applied to the formation of 
jS/S-dimetbylgdutaric acid ; tlieir application to the formation of 
higher meinhers of the scries would be prohibitive from t.lio point 
of view of expense of material. Unfortunately, the reactions hy 
wliich the j8-moiiosubstituted glutaric acids can be prepared, thath. 
by the condensatioii of aldehvdes with ethyl m a Ion ate or ethyl 
cyanoacetate in the presence of piperidine (Komnenos, Ann(i}<r 
1883, 218 , 145; Kiiocvcnagel, Bar., 1898, 31 , 2588), do not yield 
satisfactory results when the aldehydes are replaced by kctoiio. 
and only small yields of the condensation products are obtained hy 
these processes. 

This diiTicuUy has been partly overcome by the process introducc-d 
by Guaresebi (/U/i R. Accad. Sci Torino, 1900-1901, 36, 44n. 
who condensed ethyl cyanoacetate with ketones in the presenreo) 
ammonia, and obtained a piperidine derivative, which yields tht 
^jS-disiibstiiuted glutaric acid on hydrolysis; 

pfi Clb. CR., 

CN-CH., CH,-CN CN'Ch\h-CN (f'Hj CB, 

EtO-Co' Co’oEt CO CO CO.HCO.B' 

\/ 

NHj 
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pv the aid reaction, Guareschi was able to prepare a 

.-nbiT of ^jS-disubstituted glutaric acids by varying tbo nature 
'■'the ketone used in the initial condensation. 

■Mthou'di this reaction yields llie substituted glutaric acid in a 
^ iv pure form, we have found it to be a matter of some 
1 iikultv to establish the right conditions for the formation of the 
: M-idhic derivative in any quantity, and as wc wished to prepare 
rhir ‘^0 amount of ^jS-dimethylglutaric acid for the purposes of 
aiiother research, we decided to search for some method which would 
Y-eld tiu' acid both rapidly and cheaply. Ultimately we were 
Successful in finding a process, not only leading to the formation of 
this acid, but one which could be used for the formation of a 
tn-LT,^ number of horaologucs of glutaric acid substituted in the 
jSpodtion. As it was thought advisable to establish the general 
character of this method, tliree typical examples were selected, 
lumiclv, i 3 ; 8 'dimelhylghitaric acid (I), /3-methyl-)3-cthylglutaric acid 
(IT), and ryf/(dicxane-l : l-diacetic acid (HI) : 


CMe,< 


CHg-COJi 

CH,*C0“1I 

(h) 


Cl\UEt< 


CH.pOOJI 

ck;-co;h[ 


(II.) 


CH2< 


CHo-CH 

CHg-CH 


2>C< 


CH./COaK 


(TIT.) 


and the successive stages of the reaction were carefully followed in 
cacli case. 

The- principle on which the new method is Ijased is as follows, 
fii a previous communication it was shown that an open-chain com- 
loiind, consisting of four carbon atoms and one nitrogen atom, 
readily passes into an imino-ring when there is a nitrile group and 
iin amino-group at the opposite ends of the cliain. Thus the open- 
Hiaiii coTiipound (IV) was found to pass readily into the pyrrole 
(krivativc (V) : 

0R(CO2Et)-C:C{CN)-COjEt CH(C02Et)-C:C(CN)-C02Ut 

I “^1 

CHj CN GII^ c:nh 

(IV.) (V.) 

The ease with which the piperidine ring is usually formed sug- 
gested that in all probability a six-m ember ed o])en chain of the 
(VI) would also pass into tbo six-membered ring (VII), thus: 

/C-c: /Oo: 

( C< ^NI! 

(Vi.) (YU.) 


C' 
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or, in other words, a nitrile- amide of formula (VIII) would 
into an imino-piperidone of formula (IX) : ^ 

CH,<ch!.Cn\nH, 

{YlII.) 

It was, moreover, noticed that imino-com pounds of this type 
characterised by being practically insoluble in water as well as in 
most of the usual organic solvents, and it therefore seemed likely 
that if such a compound could be formed in some simple con- 
densation, it would be at once precipitated from the solution, and 
hence give rise to a practically quantitative yield of the condensation 
product, however small the original tendency for its formation 
might be. 

The substance which at once suggested itself as a means of 

ascertaining this point was cyanoacetamide, CN'CHo’CONE,, a. 
compound which ha-s been shown by Henry gahrnlnr., 1389, 
638) and by Errcra {GuzzeAfa, 1896, 26, 208) to possess properties 
very similar to those of ethyl cyauoacetate, and to have a hydrogen 
atom, marked above with an asterisk, which is replaceable by 
sodium. 

As already mentioned, ethyl cyauoacetate condenses witn acetone 
in the presence of piperidine to give a small yield of the con- 
densation product (X). If therefore cyanoacetamide were sub- 
stituted for ethyl cyauoacetate, it might be expected that tbe 
initial product (XI) would at once pass into the iiniiio-compoiind 
(XII), which, owing to its insoluble character, would he pre- 
CN*OH-CO.,Et CX*CTI'CO*X CX-CH— CO 

OM«, ' Cile, 

CI\-CH-CO.,Et Nn,,-CO'ljn-CN SHj'CO’OH— C.SH 

(X.f (X>-) 

dnitated from the solution, giving rise to a fresh procliiotion oi 
condensation product, and tins in its turn would be precipitated, 
and so on until the reaction was complete. 

This assumption proved to he correct, for it was found that alia 
two molecular proportions of cyanoacetamide and one of aertcu 
were dissolved in cold water and treated with a sma 1 qua ^ 
of piperidine or aqueous sodium hydroxide, the resultug ) 
solution slowly deposited a crystalline precipitate, which, h 
complete, weighed more than the amount of cyanoacetamid 

in the expeiiment. , 

Investigation showed this substance to be a tautorae 
enamic compound, reacting in the two forms: 
CH{CN)Xco-SH ,,, 

h.--. CJIej-CH(CO-NH,)'C.hH 


CMe2-C(CO-NH2);C’NH2 
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but liaviug &■ very short imino-phase,* a conclusiou which was 
arrived at as the result of the following experiments: 

/I) The substance is a mono-acid base, and yields a well-defined 
>latinichIoride. It forms a clear solution with dilute hydrochloric 
acid which, if immediately treated with sodium acetate, deposits the 
iinino'compound practically unchanged, but, if allowed to remain, 
slowly deposits the imide (XIII), formed by the hydrolysis of the 
iiiiino-forin of the tautomeric compound. The transformation of 
tlie imino-compound (XII) into the imide (XIII) is complete if the 
solution of the base in dilute hydrochloric acid is raised to the 
boiling point: 

Cti(CN) CO NH OII(CN) CO NH 

C.\le.-CJH(C(>NIl 2 )-CO CM 6 ,-CH(C 03 -]'J H,)-CO 

- (XIII.) - (XIV.) 

(2) When the base (XII) is boiled for a long time wuth water, 
ammonia is eliminated, and if the operation is continued until all 
ammonia lias been evolved, the product is found to be the cyano-acid 
(XV). It is evident that the ammonium salt of this acid (XIV) is 
first fomed, but that on boiling with water it (Jissociates, yielding 
the free acid i 

CH{CN) — CO — Nil CK(CN}-0O'XH 

CMe2-CH(C02H)-C0 CMe,-CH2'-CO 

(XV.) (XVI.) 

(3) When the above cyano-acid (XV) is heated, carbon dioxide is 
eliminated, and the nitrile (XVI) is formed. This substance is 
also produced when a solution of the base (XII) in dilute hydro- 
chloric acid is boiled for some hours. When the cyano-acid is boiled 
with alkali, the alkali salt of the ca.]'boxylic acid (XVlI) is formed, 
and when the free acid is heated, carbon dioxide is evolved, and 
/3;3-dimetli}dglutarimide (XV HI) is produced : 

CH(C02H)-C0- X K C 1 1 ,~CO”N K 

CMe, — C H 2 CO C Me., ■ CH C 0 

“(xvii.) (xvm:) 

(4) When the base (XII) is treated with excess of sodium 
ii 3 'droxide, it forms a clear yellow solution, the colour of which 
disappears on boiling, ammonia being subsequently evolved on 
further heating. The ultimate product, after all ammonia has 
been eliminated, is the alkali salt of the dibasic acid (XIX), the 
free acid from which passes into ^j8-dimethylgIutarimido (XVIII) 
on being heated ; 

CH(COgn)— CO~XH CHg-CO-NH 

CMe./CH{C02H)-C0 CMe,,*CH,*CO ' 

{XIX.) (XVIIL) 

As the compound gives do rolour with ferric chloride there is probably no 
flDolic phase. 
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The yield of ^;8-dimetliylglutarimide by this last process is 
very good, as the action of alkali on the base also proceeds in another 
direction, with the formation of some acetone and maloaic acid 
The cause of this rather remarkable decomposition is still under 
investigation. 

(5) When the base (Xll) is heated with 70 per cent, sulphuric 
acid for three hours, it is quantitatively converted into 0i3-dimcthYl. 
glutaric acid (XXI) ; 

CH(CN) CO Nil ClIg'CO^H 

CMe,-CH(CO'NHj)’C:NlI CMe.-CHj-COjH 
(XII.) (XXI-) 

The constitution of the condensation product of cyanoacctamide 
and acetone is there clearly established. In order, however, to show 
that the method is of general application, we decided, as already 
mentioned, to investigate two other cases, and selected methyl ethyl 
ketone and cyc/oliexanone for experiment. 

Both these ketones readily condense with cyanoacetamiclc in the 
presence of piperidine or sodium hydroxide, and in each case a 
satisfactory yield of the condensation product is obtained. 

Methyl ethyl ketone yields the imino-compound (XXII), which, 
on warming with dilute hydrochloric acid, is converted into the 
imide (XXIII) : 

CH(CN) CO SU CH(CN) CO NH 

CMeEl-CH(CO-NH.,)-G:NH CMeEl-CH(CO'NIl.j)'CO 

(XXII.) ' 

CH(CN)-CO-KH 

CJIeEl-CH.,-CO 

(XXIV.) 


from whicli the mtrile (XXIV) is produced by the prolonged action 

of boiling dilute hydrochloric acid. 

Alkalis hydrolyse the imiuoconipound to the dibasic acid (XXI ), 
but here again a certain amount of methyl ethyl ketwie b 
rct'enera.ted during the hydrolysis, and the yield of the dibasic am 
is,”conse(iueatlY, not good. When the acid is heated, carbon dio-n c 
is eliminated, and S-metliyl^/3-etliylglutarimide (XXVI) is formed. 
CH(CO.jH)— CO— Nil CH— CO— NH CH,/C05H 

CMeEfCH(CO.,H)-CO C*MeEfCH,-CO CileEyCHyCO, 

(XXV.) (XXVI.) ^ ^ (XXIdl.) 

When the imino-compound (XXII) is boiled with 70 per cem 
sulpliuric acid, it is completely transformed into ^-inethy -U-e ■ 
glutaric add (XXVII). Tliis acid has been prepared by G«ai^ 
Hoc. cit.), but was not characterised by the formation of ( 

We have therefore prepared the anhydride and the nap > 
acid. 
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Xhe imino-compound (XXVIII), which is formed from cyclo- 
hcxanone and cyan oa cel amide, undergoes a similar series of changes. 
Thus, dilute hydrochloric acid, it yields the imide 




■CHICO'NH^; 

(XXYIII.) 


CO’ 

•C(:nh)- 


>nh 


oh.<ch.;Ch.>,<ch(cn)- 


-NjTt 

■CH(CO-NH.;)‘CO'^ ' 

(XXIX.) 


when boiled with aqueous potassium hydroxide until free from 
ammonia, some ryr/ohexauone is eliminated, hut it is, for the most 
part, converted into the dibasic acid (XXX), which, on being heated, 
is converted into the imide of cyc^ohcxanc-1 ; hdiacetic acid 
(XXXI). With sulphuric acid, the imino-compound (XX VIII) is 
completely converted into cyc?ohexane-l : hdiacetic acid (XXXII) : 




(XXX.) 




CH,-CO^ 




(XXXI,) 


(XXXIT.) 


ryr/oHexaiie-l ; laliacetic acid is a well-defined crystalline sub- 
stance, which melts at 181°, and gives an anhydride melting at 73®. 
It was characterised by the formation of derivatives. 

These examples therefore sho^v clearly that the method, so far as 
the simpler ketones arc concerned, is of general application, and 
that by its means the j8/3-disubstituted glularic acids can be readily 
prepared in quantity. 

During the experiments with these imiiio-compounds derived from 
ketones and cyanoaceiamide, it was noticed that under certain con- 
ditions they readily undergo a further imino-coiidensatiou wdtli the 
formation of a second six-membered ring having three carbon atoms 
in common with the first. Thus, -when the imiuo-compound derived 
from acetone and cy an oacet amide (XII) is treated with sodium 
ethoxide in alcohol, a sparingly soluble sodium salt is formed, 
which, when treated in aqueous solution with acetic acid, yields 
H crysta-lline substance the reactions of which show it to be the 
di-iminodi-imide represented by formula (XXXITI) : 

IljN-CO-CH — c:nII CO — CH CIKII CO— OH — 00 

CMe. Nil NH CMe. NH KH CMe., NH 

CN*OH — CO HN:C CH CO CO— CH — CO 

(XU,) (XXXIII.) (XXXIY.) 
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The constitution of this substance follows from the followi^i, 
experimental data : 

(1) It is a di-acid, tautomeric di-imino-diamino-compound, react 
ing in the two forms : 

CO— c=:=c-nh2 CO— ch — c:nh 

NH CMe NH anj NH CMe^ NH 

HjN-C— C CO HN:C — CH 00 

but has only a short imino-phase. This is showm by its behaviour 
towards dilute hydrochloric acid, in which it forms a clear solution 
when cold, but from which the original substance is precipitated 
practically unchanged on the addition of sodium acetate. 
the solution in dilute hydrochloric acid is warmed, both imiuo- 
groups are at once eliminated, and the di-imide (XXXIY) is pre- 
cipitated from the hot solution. 

(2) When boiled with aqueous potassium hydroxide, one imido- 

ring is broken, and if the action of the alkali is continued until all 
ammonia has been evolved, the dibasic acid (XIX) can be obtained 
from the product. The constitution of this dibasic acid was proved 
as in the former case, by the production of ^0-dimethylglutarimide 
from it on heating, and therefore the decomposition of the di-iinino- 
didmide must have taken place in accordance with the scheme: 
HN:C CH CO CO— CH-CO.^H CO-CH, 

XII CMe, XII — > XH CMe, XH CMe, 

II 1 11" 11“ 

CO— -CH C:NH CO— CH-C0,H CO-CHj 

(SXXIII.) (XIX.) (XYllI.) 

(3) When boiled with 70 per cent, sulphuric acid, the didmino- 
didmidc is completcl}^ converted into j8)3-dimcthy]glutaric acid. 

The formation of the double ring is also shown by the imino- 
corapouuds from methyl ethyl ketone and cyclohexanone (XXII 
and XXVHII). Thus, the first-named yields the didmino-di-imide 
(XXXV), which, oil warming with dilute hydrochloric acid, passes 
into the di-imide (XXXVI) : 

CO— CH C:XH CO— CH CO 

Xdl CMeEt XH XH CMeEb XH 

HN :c — IJ H (JO (JO— C H 00 

iXXXV.) (XXXYI.) 

whilst the i mi no-comp omul from r'//c?ohexanone yields the di-imino- 
didmide (XX XVII), which is converted by hydrochloric acid into 
the di-imide (XXXX^III) : 

CO— CH c:nh CO— CH CO 

,NH (JlC^Hj^ XH XH C:C.Hjo XH 

'll II 

Hx:c CH CO CO— OH CO 

(XXXYII.) (XXXYIII.) 
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Tliese substances behave in the same manner as the di-imino* 
tli-imide from acetone, and are completely hydrolysed by sulphuric 
a.cid to the corresponding ^^-disubstituted glutaric acids. 

Tbe formation of the double ring in this manner is certainly 
remarkable, but the fact that it is so readily broken by alkali 
livclroxide, when, as is well known, the imides of the glutaric series 
are very stable towards this reagent, shows that it is under greater 
Strain than the single ring. 

The double ring is, however, produced by other reagents than 
sodium ethoxicle ; thus it is the first product formed by the action 
of aoueous alkali hydroxides on the imiuo-iniides. This fact can be 
demonstrated in the following way. When the imintviniide is 
dissolved in dilute aqueous alkali, a yellow solution is formed, the 
colour of which is rapidly discharged on wmrming. If the solution 
is cooled as soon as the colour has disappeared and is then acidified 
with acetic acid, the didmino-di-imide is precipitated in the pure 

condition. 

The double-ring compounds are also formed under conditions 
which usually yield the single-ring imides from tlie corresponding 
y nitrile carboxylic acids. Thus, when the imino-imides are boiled 
with dilute sulphuric acid, the clear solution, on being boiled, slowly 
deposits the crystalline dicydic di-imide. This reaction is probably 
rejiresentcd by the scheme : 

CN-CII CO OO,n-0H — CO CO— CII CO 

(J .Me2 Nil - > C .M e., N li - - > N H c M N H 

H.,s-co-cii — u;nh h,,X'Co-ch — CO CO— on — do 

and does not involve the previous formation of the di-imino- 
di-imido-compoun d . 

Expeiumental. 

Oya noaceiamide, CN • C 1 f o * C 0 • N TI., . 

This substance was originally prepared by Hoff {,/ahresher., 1874, 
561), and more recently by Henry {Bull. Soc. chim.y 1887, [ii], 48 , 
656) and Ilcsse {Avun\ Vkem. 189G. 18 , 724). We find that it 
may be quickly prepared by the following simplified process. 

One hundred grams of ethyl cya noacetate are, mixed in a wide- 
mouthed stoppered bottle with 75 c.c. of strong ammonia, and 
shaken vigorously. After three minutes tbe solution becomes 
homogeneous and warm, when it is cooled under running water and 
shaken for twenty minutes. The crystals are then collected, washed 
^'ith a little cold alcohol, and recrystallised from a small amount of 
ofc alcohol. The yield obtained in this way is 85 per cent, of tbo 

eoretical, and a further quantity, representing 10 per cent., can 
m recovered from the mother liquors on evaporating them under 
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diifliTiisliGcl pressure. Pure cyaiioacetS/itiide forms colourless 
•which melt at il8‘5°. 


Condenmtum 


of Acetone with Cyonoacetamide : 
b-carhamylA : 4 ^-dimeihyl- 2 -pij)eridort~e, 


OMe, 


^H(CN) 


CH(C0-NH2)'C(:NH)‘ 




This condensation is effected in aqueous solution in the presence 
of a small quantity of piperidine or alkali hydroxide; the conditions 
found to give the best yield were as follows. 

One hundred grams of cyanoacetamide were dissolved in a 
sufficient quantity of cold water, and the clear solution was mixed 
with 45 grams of acetone.* The solution was then warmed to 2(p, 
and 1 c.c. of piperidine or 1 c.c. of a 30 per cent. soKitioii of 
potassium hydroxide in w'ater added, the solution being kept for 
twenty-four hours. At the end of this time the large quantity of 
crystalline material which had separated was filtered from tlie 
yellow solution, washed with water, and dried on a porous plate. It 
weighed 105 grams (theory, 123 grams), and was found to he com- 
pletely soluble in cold dilute hydrochloric acid. The mother liquor 
from the crystals deposited, after some time, a further small 
quantity of crystalline material, only part of which dissolved in 
dilute hydrochloric acid. The two substances present in this mix- 
ture were separated by grinding 'with cold dilute hydrochloric 
acid, filtering, a.nd precipitating ihe soluble portion fiom the filtrate 
by tlie addition of sodium acetate solution. In this way a further 
10 grams of basic substance were obtained identical with that 
derived from the first precipitation, giving therefore a total yield 
of 93 per cent. The piperidonc derivative obtained in this manner 
crystallises from water in small, colourless prisms, wliicli melt to 
a yellow liquid, and then decompose at 234°. The base is only 
very sparingly soluble in the usual organic solvents, and since 
recrvstallisatioii from water gives rise to a certain amount of decom- 
position, it is best purified by dissolving in cold dilute hydrochloric 
acid and reprecipitating by the addition of sodium acetate:^ 
0-1895 gaveO‘3588 COo and O'lOOe H.p. C = 5T64; H-=5'9. 
0-1551 „ 37’0 c.c. K, at 19° and 733 mm. N = 26’95. 

C-5T9; H-5'8; N = 26'9 per cent. 

The piperidone derivative reacts as a monacid base, and fornu 
stable salts with mineral acids. 

The platime.hloridt separates as a yellow, sandy powder vie 
solution of platinic chloride is added to a concentrated so u lou ^ 

* In die earlier experiments Fieetone from tlie hisuljihite comiioumi 
wa&jfound kUer that commercially pure acetone gav^e equally good lesu 
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|,asc in excess of hydrochloric acid. Care must bo taken 
iiOKcver, to keep the temperature as low as possible, and to facilitate 
(lie separation of the salt by scratching ; otherwisii some armnoniuin 
platinichloride will also separate, owing to the hydrolysis of the 
imiiio-group by the hydrochloric acid present : 

(I'SSOO gave 0-0770 Pt, Pt=^23-3,1. 

(C 3 H, 20 ,N,).,,II,PtCl 5 requires Pt = 23-5 per cent. 

When the piperidone base is boiled for a tong time with wafer 
aintnoma is evolved together with some acetone; the compounds 
fonned are de,scr.bed on p. 432. It dissolves in aqueous sodium 
livdi-osidc, forming a yellow solution, from which the colour is dis 
,|,arge<l on warming; the cause of this change is e.xplained on 
.(.-W. The prolonged action of boiling alkali yields 0/3-dimethvl 
vlutanniide as chief product, whereas the ultimate hydrolysis bv 
cnnceiilrated mineral acids gives a quantitative yield of ,8,8-dimethvl 
ghitanc acid. During the preparation of the above piperidone base 
Cher by the aid of piperidine or of alkali hvdio.xicle, a smil 
.nanlity of a second substance is always produced ’ In the 
pilieridiue. experiment, this substance separates from the mother 
h,, nor on keeping after the iminocomponnd has been collected a.nd 
can he readily isolated from the chief product of the reaction o’wdnv 
(0 Its insolubility in dilute hydrochloric acid. In the poLssium 
hy<lfo.x,de o.xpecmeiit, the same substance separates when the 
alkaline filtrate is acidified by acetic and, and is in tliis case 
cuMrcly free from the chief product of the reaction. The amount 
lormcd under the experimental oondilioiis described is not more 
Inni a per cent., altliongli the quantity is eonsiderahiv increased 
It tlie temperature during the condensation is kept too htoh u 
crystallises from alcohol m small needles, winch melt at 2]oo'and 
yield malomc acid on complete alkaline liydrolvsis. We have not 
ufiistancr'" " '^‘-f^rtory constitution to this 


3-f>)m-2: R-dikefoA : i dunHhylpipndJiitc-^.carho.rulmmde 

•-'Onnih 

andtr‘u""'-n' In-arochloric 

a ^ t suspniided in 20 c.c. of Nvater and 

pfele Xior'rhl to effect'’ com- 

'‘'‘<1 kept at this t raised to tho boiling point, 

»'i‘t scratched with^”*’r''*"’^'a 

'Mth a glass rod. Crystals of the imide immediately 
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separated, whicli, wlien recrystallised from hot water, yielded Ioup^ 
colourless needles, melting and evolving gas at 250° : 

0-1465 gave 0-2766 CO^ and 0-0705 HoO. 0-51*5; H=5-35, 
0-2238 „ 39-0 c.c. N. at 19® and 743 mm. N = 20-01. 

C 9 H 11 O 3 N 3 requires C = 51'7; H-S'S; N — 20-1 per cent. 

The irnide dissolves in dilute aqueous sodium carbonate, forming 
a clear solution, from which a colourless sodium salt separates if 
the solution is concentrated. It is unchanged on prolonged boilin|T 
with water, but, when heated with aqueous sodium hydroxide 
evolves ammonia, and is ultimately converted into /3/3-dimetliyl- 
glutarimide. The products formed on acid hydrolysis are the same 
Is those produced from the pipcridoiie base. 


The Aclion of f{ ijd rolysUiij Agents on G-7;«h!0-3-cyanoh-ra/f,«m^f- 
4 ; i-dlmethijlfigendone. 


(gi) Abater. 

U'gono^2\ 6-dikctoA: A-dimidhgl'jjipcruline^^-cai'hoxgUc Acid, 
/C1J((.:N)— ULK 


When the imino-coiripound is boiled for a long time with vater, 
ammonia is evolved, togetlier with some acetone, and at the same 
time a small quantity of the di-imino-di-imidc of 
propane-aayy-tetracarboxylic. acid (see p. 435) is precipitated as 
colourless crystals. If the fill rate from these crystals is then boiled 
until free from ammonia, the solution, on evaporation, yields a 
gummy residue, which consists of a mixture of the above acid aiid 
its ammonium salt. The residue readily dissolves in water and the 
solution, on being acidified by hydrochloric acid, deposits the above 
acid in colourless crystals. When recrystallised^ from water, it 
forms small prisms, which melt and evolve carbon dioxide at-. 
0-1344 gave 0-2518 CO^ and 0*0591 H^O. C- 51*21; H-4 91. 
0-1474 , 17*1 c.c. N,, at 14® and 738 mm. N- 13*46. 

i’equires“ C = 51*4; H = 4-8; N^13*3 per cent. 

The acid is characterised by giving a sparingly soluble 

salt and annnonh//;. salt. The former separates when sodmi 

carbonate solution is added to a dilute aqueous solution of tiie 


Z-Cyano-2 : Miketo4 : i-dimethylpi’peridme, 
r\Tp 


When the nitrile-carboxylic acid described above is 
its melting point until all carbon dioxide has ceased to e ev 
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oil remains, wMcii solidifies on cooUng. Wlien recrystallised 
/rom fiot water, it forms long, colourless needles, meltin/at 200o 
Owing to the high temperature required for this decomposition the 
,iokl of the nitrile is net good; consequently it is better to prenarl 
this substance _by the action of dilute hydrochloric acid on 
6.ii.imo-3-cyaiio-o-carbamyl-4 : h-dimethyl-2-piperidone. For this 
purpose, the piperidone derivative is dissolved in dilute hydro 
chloric acid (10 per cent.), and boiled for twelve hours The product 
is filtered from a small quantity of the insoluble di-imide of BB di 
„,etlrylpropne-auyy-tetracarWyylic acid (see p. 438), and the filtrate 
evapora ed to a small bulk Tho crystals which separate are 
identical with those produced from the nitnle-carbo.vylic acid in 
the manner described above; ^ ^ 

0-1685 gave 0-3548 COo and 0-0917 ir,,0. C-57-41 ■ n-fi-Tn 

0-1131 „ 17'9 c.c. Nij at 14° and 73^3 mm. 

requires C-57-8; U^Q-Q- K-lG-9 per cent. 

The nitnle slowly dissolves in aqueous sodium carbonate solution. 
Both the mtnle and its carbovylic acid pass into ,e;3-d.methvl 
glutarimidc when boiled with potassium hydroxide. 

(i) Potassium Hydroxide, 

m hade of .tcirf and 

When the piperidone base is mi.ved with’ rather more than the 
oalculated quantity of potassium hydroxide dissolved in writer a 
clear yellow sohi ion is formed, from which the colour is discharied 
» wymmg, a change which is very clearly defined, and is due to 

ammonium subhate 8 to dryness with sand and 

M-rliincthvIvlutai- ’’A process a certain quantity of 

f'-«m the diL'boiX^'a of carbon dioxide 

Ic'g needles. Tl,/r 4“'^’ of the vessel in 

"dth alcohol and fien extracted in a Soxhiet apparatus 

VOL xea di^'^'tioxylic acid is quite 
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insoluble AR etherj. whereas ■ imide (iissolves if a sufficieu} 
quantity of the solvent is used. Consequently, by repeatedly 
rubbing the residue with ether, the acid is ultimately ottabed 
pure. It crystallises from water in small prisms, which melt and 
, evolve carbon dioxide at 225 — 230® : 

0*2001 gave 0*3463 CO 2 and 0*0882 C = 47*21 ; n = 4-88. 

CgHjiOgK requires C-47-3; H=4'8 per cent. 

The ethereal extract furnished a solid residue on evaporation- 
this crystallised from water in long needles, melting at 147° ^vticli 
proved to be those of iS/3-dimethylglutarimide The amount of the 
imide formed in the hydrolysis depends on the length of the time 
during which the hydrolysis is allowed to proceed, and if the action 
is continued for a long time scarcely any of the dicarboxylic acid 
is formed. The imide is produced in quantitative yield when the 
dicarboxylic acid is distilled under ordinary pressure; its con- 
stitution was established by analysis (Found, C = 59’43; H-T'S; 
silver salt Ag = 43-82. Calc., C^59-6; H = 7'8; silver salt 
Ag = 43-7 per cent.), and its identity with ^jS-dimethylglutarimide 
was proved by direct comparison with a specimen of this substance 
prepared from j3^-dimetliylglutaric acid. 

(c) Mineral A elds. — The action of hot dilute mineral acids, such 
as hydrochloric acid and sulphuric acid, on the piperidone derivative 
leads, as already mentioned, to the formation of the corresponding 
imide. Further action of the hot dilute acid then produces other 
changes, the reaction proceeding in two directions. One of these 
causes the ultimate hydrolysis of the compound to a-cyano 
/3/3-dimethylglutar imide (see p. 432) ; the other leads to the pre- 
cipitation of the very insoluble di-imide of jS^-dimethylpropane- 
aa-y-y-tetracarboxylic acid (see p. 436), which is not acted on by 
boiling with dilute acids. By far the greater quantity of the 
piperidone derivative follows the second direction, and if, therefore, 
a solution of the base in dilute sulphuric acid is boiled, the clear 
solution slowly deposits a crystalline precipitate of the di-imide, 
which is usually complete after three hours. When the filtrate 
from this compound is evaporated, it yields a-cyano#-tli* 
methylglutarirnide (see p. 432). 

J3 j3-7) i m e t hyhjl u iaric A cid, 

As\he processe.s described in this paper originated in a desire to 
prepare 3B-dilnethy]gliit aric acid in quantity, it is advisable to 
describe the method by which we have succeeded in obtaining arge 
amounts of this acid from the piperidone base. 

One hundred grams of the base are placed in a litre flas', an 
mixed wbth 150 grams of concentrated sulphuric acid, thirty c.c. 
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water are then added td^- the hot solution, and the liquid heated 
oil the sand-bath until the evolution of carbon dioxide, which is 
vcrv vigorous, has ceased. 

When this occurs, which is usually about one hour after the 
heathu' has been started, a further 50 c.c. of water are added, 
and the solution boiled on the sand-bath for five hours. It some* 
tiines happens that owing to the sulphuric acid not being sufficiently 
stroll'^, some separation of the insoluble di-imide takes place after 
the addition of the second quantity of water; this dissolves, however, 
oil further heating. 

A considerable quantity of acid separates from the acid solution 
on cooling, but it is advisable to add some water, saturate the 
solution with ammonium sulphate, and extract with ether, as a 
purer product is obtained in this manner than by filtering the 
strongly acid solution directly. 

The acid prepared in this way possesses a high degree of purity, 
and can be at once used without further purification. The yield 
from the piperidone base is quantitative. The acid melted at 101°, 
and was characterised by analysis (Found, C = 52'3; TI-7'5. Calc., 
C=52'5; H = 7'5 per cent.), and by the formation of its anhydride. 


Tht DUrnino-di-imide of ^^-Dime.thijlpro'pa ne'aayy-tetracm^hoxi/lic 

CO— CH — c:nh 

Acid, NH CMe, NH . 

1 ! ! 
nh:c — OH— CO 

This compound is produced from G-imino 3 cyano-5-carbamyh 
4: 4-dimet]iyl-2-piperidone by the action of alkali, either in the form 
of sodium ethoxide or of sodium hydroxide. It is also formed, as 
already mentioned, as a by-product in the livdrolysis of the 
piperidone base by acids. The preparation by means of sodium 
ethoxide may 'be effected as follows: Ten grams of the finely-ground 
base are suspended in 75 c.c. of alcohol, and a solution containing 
2' 3 grains of sodium in 30 c.c. of alcohol is added. The addition of 
iodium ethoxide causes the base to dissolve, forming a clear yellow 
iolution, from which, on warming on the water- bath, a colourless, 
irystaliine sodium compound separates, and at the same time the 
yellow colour of the solution disappears. The sodium compound 
is then collected, washed with a little alcohol, and dried. The 
Tecimen analysed was dried at 80°, but the figures showed that it 
contained one molecule of alcohol of crystallisation : 

0 3734 gave 0'1734 Na.,SO^. Na=15T. 

0 3306 „ 0-1546 NagSO^. Ka=15-2. 

CgH,^,02N^Na2,C2H(.0 requires Na = 15-4 per cent. 

0 G 2 
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Ib waa not found possible to obtain a satisfactory analysis of ti 
compound free from alcohol, aa the temperature required to drive oj 
the solvent caused appreciable decomposition of the salt. 

The sodium salt is very deliquescent, and readily tak^g 
moisture from the air. It dissolves in water, forming an alkaliB^ 
solution, which, when acidified by acetic acid, deposits the base as 
a heavy, white precipitate, which is insoluble in all the nsua] 
solvents, and is best purified by dissolving in cold dilute hvdro. 
chloric acid and reprecipitating by tbe addition of sodium acetate 
solution. In this way it is obtained in small needles, which sublime 
at a high temperature without melting: 


0'1555 gave 0' 2929 CO2 and 0 0844 IM. C = 51’41; 11^^6 01 

0T654 „ 38'2 c.c. N2 at 20° and 750 mm. N = 26'66. 

C9II12O2N4 requires C=51'9; II~5'8; N — 26 9 per cent. 

The di-iminO“di-imide can also be formed by the aid of aqueous 
potassium hydroxide in the following way. Five grams of the 
piperidone base are dissolved in a sufficient quantity of dilute 
aqueous potassium hydroxide, and the clear yellow solution is 
warmed on the water-bath. After a few minutes, it becomes colour- 
less, and if at this stage the solution is quickly cooled and acidified 
by acetic acid, tlie dicyclic busse is precipitated The end-point of 
the reaction is very clearly defined, and can be easily distinguished 
in daylight. 

The compound is a di-acid base, and forms salts with h-o 
equivalents of hydrochloric acid. It dissolves in aqueous alkali, 
forming a colourless solution. 

Tbe flat inichli) rich separates as lustrous, yellow plates ^hen a 
solution of tbe base containing excess of hydrochloric acid is mixed 
with a solution of platinic chloride. The precipitation should be 
hastened by scratching, and the solution kept as cold as possible: 

0-3944 gave 0'1238 Pt. Pt-31-4. 

C^Hp^O^KpH^PtCl^j requires Pt~3T5 per cent. 


The Dldmide of ^^'Dlmethylprojiane-dayy-ieiracarhoirylic Acid, 

co—ca — CO 

Cilejj NH • 
til 

CO”CH — CO 

AVhen a solution of the di-imino-di-imide in dilute hydrochloric 
acid is warmed, the solution remains clear for a few minutes, an 
then slowly deposits glistening plates of the above compound. 
same substance is also formed in small amount during 
hydrolysis of the piperidone base in the manner already desen e 
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If, is insoluble in all the usual solvents, and sublimes at a high 
tfmperatare without melting: 

0'1384 gave 15'8 c.c. N 2 at 14^^ and 755 mm. K — 13'5. 

CgHiyO^Ng requires N = 13‘3 per cent. 

The compound is soluble in aqueous alkalis, and behaves in a 
cliaractcTistic manner when treated in ammoniacal solution with 
viber nitrate. Thus, when a solution in excess of ammonia is mixed 
vi'itb aqueous silver nitrate, a clear solution is formed, quickly 
changing to a clear transparent jelly, which slowly becomes opaque 
ou keeping. 

The Frodiicts of Hydrolysis of the. Dicyclic Compounds described 
above. 

As inentioiicd in the introduction, the second ring of the com- 
pouiicls described above is less stable towards hydrolysing agents 
than that of the single five-membered cyclic iniides. Thus, when 
either the di-imino-di-imide or the di-imide is boiled with excess of 
aqueous alkali hydroxide, ammonia is evolved, and the ultimate 
product is jS/S-diinethylglutariraicle. No acetone is evolved during 
this hydrolysis, and the yield of the imide is practically quantitative. 
The compounds are not affected by aqueous alkali carbonates even on 
prolonged boiling. With acid hydrolysing agents, the hydrolysis is 
a matter of some difficulty, owing to the insolubility of the di-imide 
in all acids excepting concentrated sulphuric acid. Thus prolonged 
boiling with concentrated hydrochloric acid is without effect, and 
when the di-iraino-di-imide is used, the clear solution, which is first 
formed, at once deposits the insoluble di-imide on warming. The 
only way to hydrolyse these compounds by acids is to use con- 
centrated sulphuric acid, and to add only a very little water The 
sulphuric acid should not be weaker tlian 85 per cent., and the 
clear solution should then be kept at about 150^ until the evolution 
of carbon dioxide has ceased ; more water may then be added, and 
the hydrolysis continued for five hours. In tliis w’ay a quantitative 
yield of ^^-diraethylglutaric acid can be obtained. 

The Condensation of Methyl Ethyl Ketone v'iili C yanoacetamuie : 
^dmino-'^-€yano-f)-rarhamyl-A-^i^ethyl-i'ethyl-2-idiKridonei 

~r-CO>NH, 

This condensation was effected in much the same manner as 
described previously in the case of acetone, although, in this 
instance, the formation of the condensation product docs not take 
place so readily, and the reaction requires a longer time. The 
conditions found to give the best results were as follows. 
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;; One Ju|dred gram|^tcd cyaaio^^mde were dissolved hj ^ 
suffici^fqnantity of wgSer, and mixed 'ydth 55 grains of ffieftyi 
ethyl kefiiie. The solution was then warmed to SO'^, and 1 c.c. 
piperidine added. The clear yellow solution slowly deposited tb 
piperidone base in colourless needles, the separation being complete 
after forty-eight hours, when the product was collected and dried 
It was found to weigh 108 grams, and to he completely soluble in 
cold dilute hydrochloric acid. The filtrate deposited a further small 
quantity of crystalline material on keeping, which only partly 
dissolved in dilute hydrochloric acid. The soluble portion 'was 
therefore isolated by filtration, and the base precipitated from tb 
solution by the addition of sodium acetate. In this way a further 
8 grams w’ere obtained. The base, as in the case of the correspond- 
ing acetone compound, is slowly decomposed by boiling water; it 
was therefore purified for analysis by dissolving in cold dilute 
hydrochloric acid, and precipitating from the filtered solution by 
the addition of .sodium acetate. It is obtained in this way in 
lustrous plates, wdiich melt and decompose at 225^: 

0T719 gave 0-3396 CO^ and 0-0999 H^O. C = 53'91 ; H-6'52. 

0-1639 „ 36-3 c.c. ISTo at 19° and 730 mm. N = 25-0. 

Ci(jIIj 402 N 4 requires C — Sd'O ; H ~ 6-3 ; N = 25’2 per cent. 

The compound is a m on acid base, and the hydrochloride separates 
in small needles when concentrated hydrochloric acid is added to 
a dilute solution of the salt. 

The platinichloride separates in pale yellow plates when a solntion 
of the base in excess of hydrochloric acid is mixed with platiaic 
chloride solution : 

0-1812 gave 0-0111 Ft. Ft -22-68, 

(GioTru02Ni)2Tl2FtClR requires Ft = 22-7 per cent. 

The piperidone base dissolves in aqueous potassium hydroxide, 
forming a yellow solution from which the colour is discharged on 
warming, a change which is due to the formation of the potassium 
salt of the di-imino-di imide. Frolonged boiling Avith alkali 
hydroxide yields j8iS-inethylcthylglutarimide, whilst complete hydro 
lysis with concentrated sulphuric acid furnishes a quantita-tivc yield 
of jBjS-methyleihylglutaric acid. ^ 

The by-product corresponding with the substance melting at 212 
formed in the acetone experiment is also produced in the present 
condensation, although in smaller quantity. It is separated rom 
• the piperidone base, as already described, by rubbing Avith 
hydrochloric acid, and crystallises from alcohol in large, colour css 
prisms, which melt at 192°. As the analyses furnished no clue to 
the constitution of this substance, it wa§ laid aside for 
investigation. 
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f> : %-diheto-i-methylA-ethyl'piperidine-b-carhoxt/lainide,^ 

The conditions found most, suitable for tlie preparation of tbia 
fompound were the following. Ten grams of the base were dissolved 
ill dilute hydrochloric acid, and the solution was heated to the 
boilin'^ point for one minute. It was then cooled, and the crystals 
of tlie huide which separated were collected and recrystallised from 
water. It formed small prisms, melting ajid decomposing at 
230 -'- 235 °: 

0 1306 gave 0-2540 COo and 0-0711 H.O. C = 54-ll ; H = 5-90. 

0-1268 „ 20-3 c.c. N 2 at 17^ and 743 mm. N — 18-6. 

CioHi 303 N 3 requires C- 53 - 8 ; H-5-8; N^18-8 per cent. 

The imide dissolves in dilute sodium carbonate solution. The 
products formed from it on hydrolysis are the same as those from 
tbe piperidone base. 


^IS-Methylethylglutarimide, C 5 T e | ^ ^ 00 ^'" ^ ^ ^ ' 

This compound is formed as the ultimate product of hydrolysis 
of 6-immo-3-cyano-5-carbamyl-4^mcthyl-4-ethyl-2-piperidone, or the 
corresponding diketo*derivative, by aqueous potassium hydroxide. 
Either one or other of tliese compounds is boiled with an aqueous 
solution containing rather more than the calculated quantity of 
potassium hydroxide until the odour of ammonia cca^ses to be 
apparent, when the solution is acidified by hydrochloric acid, 
saturated with ammonium sulphate, and extracted several times 
with ether. The oily residue left on evaporating the ether is then 
heated at 160'^ until the evolution of carbon dioxide has ceased, 
when the residue, which solidifies on cooling, is recrystallised from 
water. Ii^-Methyltthyl(jlufanrnidt forms lustrous plates, which melt 
at 127°; 

0-1446 gave 0-3269 CO. and 0 1095 H.O. C = 6r72; H-8‘41. 

C 3 ni 302 N requires C = 61‘9; H=8‘4 per cent. 

The imide is sparingly soluble in cold ether, and can be re- 
crystalhsed from this solvent; it can also be recrystallised from 
heuzeue. 

The silver salt separates as a colourless precipitate when a little 
ammonia is added to a s^ution of tbe compound in dilute silver 
nitrate solution : 

0’2465 gave 0*1015 Ag. Ag= 41*18. 

CgHijO^NAg requires Ag — 41’2 per cent. 
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^^-MethyUihylglutaric Acid, COgH'CHg'CMeEt’CHo-CO^H 

This acid is produced in quantitative yield when the pipetidone 
base or the corresponding imide is heated with 70 per cent, sulpl^pj^; 
acid. Fifty grains of the base are dissolved in 75 c.c. cf cot 
centrated sulphuric acid, and 25 c.c. of water are added to the hot 
solution. The mixture is then quickly heated on the sand-hath 
until carbon dioxide begins to be evolved, when it is mamtained at 
this temperature until all gas has been given off. A further 30 c,c 
of water are then added, and the heating continued for five hours 
If too much water is added in the first instance, a crystalline pre- 
cipitate of the di-imide separates on heating, and when once this 
compound has separated, it wdll not again dissolve. The acid is 
extracted from the cooled product of hydrolysis by means of ether, 
and is obtained as a crystalline mass on evaporating the dried 
ethereal solution. The acid is sufficiently pure for general purposes, 
but can be recrystallised from a mixture of equal parts of con- 
centrated hydrochloric acid and ^vater, from which it separates in 
striated, fan-shaped needles. The specimen for analysis was re- 
crystallised from benzene and obtained in long needles, melting 
at 86°: 

0T794 gave 0-3627 CO. and 01308 H.O. C-55'10; H-Sll. 

Cgll 2^04 requires C — 55‘2; H — S’O per cent. 

Anhydride, C M e Et<CQ ^ 

Tbls compound may be prepared either by the action of acetyl 
chloride or acetic anhydride on the acid. Ten grams arc dissolved 
in the dehydrating agent, and heated to the boiling point for one 
hour. The solution is then distilled, first under ordinary pressure 
until free from acetic acid, and then under diminished pressure. 
The anhydride distils as a clear, colourless liquid at 185°/20 mm. 
It could not be obtained in a solid condition : 

0-2477 gave 0-5570 CO. and 0-1711 H.O. C = 6T25j 11 = 7 72. 

Chll;i 203 requires C = 61-5; 11 = 7-7 per cent. 

The anhydride slowly dissolves on boiling with water, regenerating 
lire acid from which it was derived. 

The a-nayfildyluinic acid, Ci()H 7 *NH'CO'CH 2 ’CMeEt*CH 2 C ^ i 
is prepared by boiling a solution of the anhydride in benzene wd 
a solution of a-naphthylamiiie in the same solvent and evaporating 
the solution to dryness. The viscid oil which remains solidifies on 
being jubbed with dilute hydrochloric acid. It crystallises nom 
alccfc^in long needles, melting at 126° : 



BEACTlONS OF IMINO-COMPOUNDS. PART XV, 41,1 

0 1676 gave 0'4416j;JO2 and 0‘1060 H^O. C = 71*81 ; n = 7-00. 
CjtHjAN requires C = 71*6; H=:=6‘7 per cent, 

Derivatives of -the anhydride seem to possess little tendency to 
frystalihe, and tne aiiilic acid from the anhydride and aniline^ as 
as the toluic acids from the three toluidincs, could only he 
obtained as oils. 


y/ff mo-'ii-iffiidc of B^~^-^(^ihyltthyl'pj'02xt}iC'0L(iyy-t€tr(i' 

CO — m c:nh 

carboxylic Acid , NU OMeEb In’" IT 
aSH-Ctl CO 


As in the case of the compound formed in the acetone con- 
densation, this substance may be prepared from the piperidone 
base either by the action of sodium ethoxide or by the aid of aqueous 
sodium hydroxide. In the experiment ^vith sodium ethoxide, 
7 grams of the finely ground base were suspended in 25 c.c, of 
alcohol and mixed with a solution containing ho grams of sodium 
in 20 c.c. of alcohol. The base dissolved on adding the alkali/ 
forming a yellow solution, from whieh a colourless, crystalline 
sodium salt separated on warming, This salt was collected, dis- 
solved in water, and the solution rendered acid by acetic acid, when 
a copious precipitate of the didmino-base ensued. The same 

substance may also be produced in the following way. The 

piperidone base is dtssolvecl in a sufficient quantity of dilute aqueous 
potassium hydroxide, and the yellow solution is then gently warmed 
until the colour is discharged, when it is immediately cooled and 
rcndeied acid by acetic acid. The di-iiniiiodiase is then precipitated 
in tlio pure, condition. 


It is very sparingly soluble in all the usual solvents, and is there- 
fore best piiriHed for analysis by dissolving in cold dilute hydro- 
chloric acid, and reprecipitating from the filtered solution by the 
addition of sodium acetate saliition. In this way it is obtained 
in small, colourless needles, wffiich melt and decompose at 294“^ : 
0*1496 gave 32*7 c.c. at 12° and 726 mm. K=:25*L 
0'1494 „ 32*4 c.c. lA, „ 13° „ 739 mm. K=.25'2. 


requires N = 25'2 per cent. 

t is voitliy of remark that several carbon and hydrogen esti- 
•nntions of this substance invariably gave the carbon content as 
combustions were carried out both in 
hard! . chromate tubes, the loss of carbon can he 

ascrilL ? formation of paraffin hydrocarbons, but must be 
nw bed to mcompIeU combustion. 

i imino-di-imide dissolves in aqueous alkali hydroxide, form- 
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‘I'lc a^id 


uig a colourless solution, and fon^'^a'salt ^filHydroclilorK 
Containing two equivalents of the acid. ^ 

The platinichloride requires some care in preparation, owing to 
the ease with which the base is hydrolysed to the di-imide even by 
.cold dilute hydrochloric acid. It separates in yellow plates from a 
. Jconcentrated solution of the base, containing as little hydrochloric 
tacid as possible, when it is mixed with an aqueous solution of 
-^%latinic chloride : 

^ 0-4273 gave 0 1333 Pt. Pt = 31-19. 

CjoHi 40 ^N 4 ,H 2 PtCI (5 requires Pt^SO'O per cent. 


The Dirwiidc of J3/3%l/ef//y/e^//?//7J/•r)pme-aayy-^e^racar6oa7//i^; Acid, 
CO--CU CO 

NH CMeEt NH. 

I I I 

CO— CH CO 


This compound separates in glistening plates when a solution of 
the di-imiuo-base in dilute liydrochloric acid is gently warmed. 
AVhen prepared in this manner, it is quite free from all impurities, 
although it may be recrystallised from a considerable quantity of 
hot alcohol. It melts and darkens at 330 — 331° (corr,) : * 

OT988 gave 0-3896 COg and 0-0935 Hfi. C = 53-41; H-S'SO. 
0'1369 „ 15-0 c.c. No at 13° and 745 mm. N==12-7. 

requires C = 53'6; H = 5-3; N = 12-5 percent. 

The di-imide dissolves slowly in an aqueous solution of sodium 


carbonate. 

The Silver Salt.-^lhtn silver nitrate solution is added to a 
solution of the di-imide in excess of ammonia, a white precipitate ia 
formed, which again passes into solution. When the containing 
vessel is scratched, a crystalline salt separates, Care must be taken 
in this preparation to have excess of ammonia present; otherwise 
a gelatinous silver salt separates: 

0-1438 gave 0-0467 Ag. Ag = 32-47. 

CioHjiO^N.Ag requires Ag = 32-7 per cent. 

The products formed by the hydrolysis of the di-imino-base and 
the di-imide are similar to those from the corresponding componnds 
formed in the acetone condensation. Thus, on complete hydrolysis 
with aqueous alkali hydroxide, ^^-methylethylglutarimido is forroe , 
and when they are boiled with concentrated sulphuric aci , a 
ptitative yield of /3j3-methylethylglutaric acid is obtained. T ^ 
felons required are the same as those given in the case of t e 
^e compounds. 

tfelting points above 300" were taken in cyaiiobenzyline (coiupare Trpis., > 
19S21 
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fJie Condmsati^of zyoioHexanone with Cyanoacetamide. 

Jh( (a’d’nmo-imide of (frCyano-af-carharnyhydohexantA : \-diacetic 




•ch(CO'NHj)-c(:nh)>^'^- 


Owing to tlie insolubility of cyc/ohexanone in water, it is necessary 
ia this condensation to use alcobol in order to bring the resicting 
substances into solution. Seventy-four grams of cyanoacetamide^ 
were dissolved in a auiScient quantity of cold water, and 44 grams" 
of fy(??obexanone, together with sufficient alcohol to ensure complete 
solution, added. The addition of 1 c.c. of piperidine or of 1 c.c. of 
30 per cent, sodium hydroxide solution caused the liquid to become 
yellow, and at the end of twelve hours a large quantity of 
crystalline material had separated. When collected and dried, the 
product weighed 90 grams, and was found to be completely soluble 
in dilute hydrochloric acid. A further quantity of crystalline 
substance separated from the filtrate on keeping, and 8 grams more 
of the base were obtained on rubbing this with dilute hydrochloric 
acid, filtering, and adding sodium acetate solution to the filtrate. 
The base, like the other compounds of this class, is slowly decom- 
posed on boiling with water, and it is therefore best to purify it 
by dissolving in dilute hydrochloric acid, filtering, and precipitating 
the base by sodium acetate solution. It is obtained in this way 
in microscopic needles, which melt and decompose at 305°: 

0‘1810 gave 0-3841 COg and O'lOSO H.3O. 57-93; 11 = 6-51. 

0-1183 „ 23-6 c.c. N2^ at 16° and 733 mm. N = 22-8. 

requires 0 = 581; H = 6-4; N = 22- 6 per cent. 

The base is readily soluble in dilute mineral acids, and dissolves 
in aqueous sodium hydroxide, forming a yellow solution, from which 
the colour is discharged on wmrming, a change which is due to the 
formation of the disodium salt of the di-imino-di-imide. Complete 
hydrolysis with alkali hydroxide yields the imide of eyeZohexane- 
1: 1-dimalonic acid, whilst ultimate hydrolysis with concentrated 
sulphuric acid furnishes a quantitative yield of eyefohexane- 
1: 1-diacetic acid. 

The ^latmichloride separates as a yellow precipitate when a 
solution of the base in dilute hydrochloric acid is mixed with a 
solution of platinic chloride: 

0'3217 gave 0-0686 Pt. Pt= 21-32. 

(^i2Kie02N4)|,H2PtCle requires Pt = 21-5 per cent, 
ia the former condensations, a small quantity of a second 
substance, insoluble in dilute hydrochloric acid, is formed during 
e condensation of cyclohexanone with cyanoacetamide. It occurs 
y in the later stages, and is isolated in the same manner as the 
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, 4# ■ 

analo^us compounds from the previous condensations, 
separates from alcohol in small, colourless needles, which 
207°. We have not as yet succeeded in assigning any satisfactory 
constitution to this substance. 


The cilmhlc of aCyGno-a^-carha}nyhyc\ohc:TaneA\\-dlac(iic. 

/Cn(CN) 


This substance is formed when the base already described h 
warmed with dilute hydrochloric acid. Ten grams of the base are 
dissolved in a sufficient quantity of dilute hydrochloric acid, and 
the solution is then raised to the boiling point and maintained at 
this temperature for one minute. Crystals of the imide separate on 
cooling. It can be recrystallised from alcohol, and is obtained b* 
colourless prisms, melting sharply to an opaque liquid at 260° 
which clears and decomposes at 300° : 

0‘1 722 gave 0‘3G39 COo and 0 0926 HoO. 0=^57 73; H = 6’04. 

0T136 „ 17-6 c.c. No at 23° and 725 mm. N^17T. 

Cj 2 Hi.'j 03 N 3 requires CAST'S; H^60; N = 16'9 per cent. 

The imide slowly dissolves in sodium carbonate solution. The 
products formed on hydrolysis are the same as those from the 
imino-imide. 


The Imuh of cyclo//'c,7Y7??cd : l-dimalonk Acid, 


CHj< 


p/CH(C02H)-00 

CH.-CH^r ^CH(C02ll)*C0 


>NH. 


This compound is produced when either the imino-imide or the 
imide is boiled with acpieous alkali hydroxide. A convenient 
quantity is dissolved in an aqueous solution containing rather more 
than the calculated quantity of potassium hydroxide, and boiled 
until the odour of ammonia ceases to be apparent, when it is 
filtered and acidified with hydrochloric acid. Crystals of the acid 
slowly separate, which, when recrystallised from water, yield small 
needles, melting at 117°; the liquid evolves carbon dioxide a few 
degrees higher, arid then re-solidifies. This change is due to the 
passage of the dicarboxylic acid into the imide, which melts at 168°: 
OT901 gave 0 3724 CO. and 0'0975 Up. C = 53 - 42 ; H = 5‘70. 

CjoHijO^jN requires C = 53’5; II = 5‘6 per cent. 

The acid is very sparingly soluble in ether. 
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The Imide of Q^c\oEexane-\\ hdiacetic Acid^ 


The imide-dicarboxylic acid, 'when heated in a hath of sulphuric 
acid at 180° until the evolution of carbon dioxide haa ceased, 
leaves the iraide as an oily residue, -which solidifies on cooling. 
It crystallises from benzene in large, prismatic needles, which melt 
at Idd^: 

0-21S6 gave 0-5286 CO^ and 0'1582 H.O, C-66 01; H-S'lO. 

Ci^HiAN reijuircs C = 66-2; H=^8-3 per cent. 

Tlie imido is very sparingly soluble in ether or water. 

The salt separates from a solution of the imide in excess 
of ammonia on the addition of silver nitrate solution as a colour- 
less, crystalline precipitate : 

0-3002 gave 0'1120 Ag. Ag — 37‘30. 

requires Ag^37'5 per cent. 


CyQloff CXOr7lC-X \ X’ulCtCCilC A.ClUy jj *00 TT " 

The conversion of the w^dmino-imide of a-cyano~a'-carbamyl- 
cyc^oliexaued : l-diacetic acid into the above acid is accomplished, 
as in the former cases, by the aid of concentrated sulphuric acid. 
Forty grams of the imiuo-imide are dissolved in 100 c.c. of con- 
centrated sulphuric acid, and the warm solution mixed with 15 c.c. 
of water, It is then heated on the sand-bath until carbon dioxide 
begins to be evolved, when it is kept at about this temperature 
until all has been given off, which is usually at the end of one hour, 
A further 50 c.c. of water are then added, and the solution boiled 
for five hours. If some of the crystalline dhimide separates during 
the process of hydrolysis, which is always the case if too much 
water has been added, it is advisable to filter it off through glass 
wool, as when once it has separated, it will nob redissolve on 
further heating. If, however, the conditions given above are 
carefully followed, the dhimide will not separate, and the hydrolysis 
will bo complete. Although the acid separates from the sulphuric 
acid solution on cooling, it is advisable to extract with ether and 
shake the ethereal solution with aqueous sodium carbonate, the 
acid being precipitated from the alkaline extract by means of 
hydrochloric acid. 

f^y*^hl{exane-l: hdiacetic acid crystallises from dry ether in 
small, colourless prisms, which melt at 181°. It is sparingly soluble 
m hot water, but can be recrystaUised from this solvent if a 
sufficient quantity is used. Tor general purposes it is conveniently 
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recrystalliaed " from ' dilute alcohol; " It ‘ is sparingly soluble Jg 
benzene./ When distilled under ordinary prmure, it passes into 
the anhydride, the change being effected without any charriug; 

0-2159 gave 0-4742 COg and 0-1539 HgO. 0=59*92; H=7-93. 

CioHig'04 requires 0=60*01; H=8'0 per cent. 

A neutral solution of the ammonium salt of the acid gives a 
green, crystalline precipitate with copper sulphate, a white, crys- 
talline precipitate on boiling with calcium chloride, and a heavy, 
white precipitate with lead acetate. The barium salt is soluble. 

The silver salt separates as a colourless, crystalline precipitate on 
adding a solution containing the calculated quantity of silver 
nitrate to a neutral solution of the ammonium salt of the acid: 
0-2383 gave 0-1239 Ag. Ag = 52-02. 

CjQHj404Ag2 requires Ag = 52-2 per cent. 

The diethyl ester is formed w^hen a solution of the acid in alcohol 
is mixed with one-third of its volume of concentrated sulphuric 
acid, and heated for one hour on the water-bath. It is extracted 
by pouring the product into water and separating the oil by means 
of ether, the ethereal solution being subsequently washed with 
sodium carbonate, dried, and evaporated. The ester distils at 
288°/733 mm., without any decomposition, as a clear, mobile liquid : 
0-1691 gave O lOGl CO. and O'UIO H.O, C = 65-50 ; H = 9-32. 

C14H24O4 requires C = 65*6; H = 9'4 per cent. 


cyd[olIexane-\: \-diacttic Anhydride^ 




>-CH/ 


This substance is formed either by the action of acetyl chloride 
or of acetic anhydride on the acid. For the preparation of large 
quantities, acetic anhydride is preferable, and it is only necessary 
to boil a solution of the acid in excess of anhydride for two hours 
and to distil the product in order to obtain the anhydride in a pure 
condition. It distils without decomposition at 329°/ 743 mm. and 
213°/ 36 mm. as a colourless liquid, which solidifies on cooling. H 
then crystallises from a mixture of light petroleum (b. p. 80—90°) 
and benzene in fine, silky needles, •which melt at 73°: 

0-2165 gave 0-5230 CO. and 0*1436 H2O. C^65*91; H = 7*45. 

C40H44O3 requires 0 = 65*9; n = 7*7^er cent. 

The anhydride dissolves when warmed v^th aqueous alkali, and 
the solution, on acidifying, deposits the acid melting at 181°. . 

The anilic acid is prepared by mixing a solution of the anhydn e 
benzene with a benzene solution of aniline, and raising t-e 
i^ure to the boiling point. It is isolated by evaporating t e 
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solution until fr^ from benzene/ and rubbing the residue -with 
dilute hydrochloric acid. ' The solid which is then formed crys^ 
Ullises from dilute alcohol in glistening plates, which melt at 146° : 

01514 gave 0 3864 CO 2 and 0'1045 HgO: C = 69'60; H = 7 - 7 L 
CjoHaiOgN requires C = 69-8 ; H = 7;6 per cent. 

The anillc acid is readily soluble in benzene and in alcohol. 

The JJi-mino-di4mide of cycloHexaneA : l-dimalomc Acid 

co-^cH c:nh 

JJH NH 

nh:c — OH CO 

The methods used for the preparation of this substance were 
essentially the same as those employed for the production of the 
similar compounds in the earlier condensations. 

Bi/ Sodium Ethoxide. —12 A Grams of the base were suspended in 
40 C.C. of alcohol and mixed with a solution containing 2*3 grams 
of sodium in 30 c,c. of alcohol. The yellow solution which was 
then formed deposited, on warming, a large quantity of a colourless, 
crystalline sodium compound, which was collected, washed with 
alcohol, and dried : 

0'37G2 gave OT 06 I Na 2 S 04 . Na3=13‘44. 

CisIIj^OgN^Na^jCgllpO requires Na = 13'6 per cent. 

It was not found possible to free the sodium compound from 
alcohol without causing decomposition. The salt is readily soluble 
in cold water, and when the solution is rendered acid by acetic 
acid, a colourless precipitate of the didmino-base ensues. 

By Alkali Hydroxide , — When the w^-imincHimide of a-cyano* 
a^-carbamylcyc/ohexaned : 1-diacetic acid is dissolved in a sufficient 
quantity of aqueous potassium hydroxide, a yellow solution is 
formed, which, on warming, becomes colourless. If the solution 
IS at^ this stage rapidly cooled and acidified by acetic acid, the 
di-imino-base is at once precipitated. The didminodidmide is 
insoluble m all the usual organic solvents, but can be purified by 
lasovzng in cold dilute hydrochloric acid, and reprecipitating by 
the addition of sodium acetate solution. It forms a micro- 
crystalline powder, which melts and decomposes at 303°: 

0-1445 gave 28-6 c.c.Ng at 15° and 726 mm. N-22-5. 

^12^14^2^4 requires N = 22-6 per cent, 
were unable to obtain a satisfactory carbon estimation of this* 
^ corresponding compound from 

too low^ ^ ketone, the figures were always from 1 to 2 per cent. 
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The di-imino-di-imide dissolves in aqueous potassium hydroxide, 
forming a colourless solution, and gives with hydrochloric acid a 
salt which contains two equivalents of the acid. 

The flaimicUonde separates as a yellow precipitate when a 
solution of platinic chloride is added to a cold solution of the base 
in dilute hydrochloric acid : 

0'3748 gave O' 1104 Pt. Pt = 29'45. 

Ci 2 HiAN 4 ,H 2 PtCl, requires Pt = 29'6 per cent. 

The Blimide of cydoHexane-l'. I dmalonic Add, 

CO— CH CO 

NH NH . 

CO— CH 00 

This substance is formed when a solution of the didmino-base in 
dilute hydrochloric acid is boiled for one minute, and separates 
completely from the hot solution. It can be recrystallised from 
much glacial acetic acid, and separates in small prisms, which 
melt at 400 — 405°, partly subliming below that temperature: 

0'1904 gave 0'4030 COo and 0'0932 H^O. C — 57'83; H^o’oO. 

0*1236 „ 12'0 c.c. N 2 at 14° and 748 mm. N = 11'45. 

requires^C-57‘6; N = n*2 per cent. 

The di'imide dissolves in a warm solution of sodium carbonate. 

The products of hydrolysis of the di-imino-base and the di-imide 
are the same as those from the corresponding monocyclic compounds. 
Thus with alkali hydroxide, tire imide of cyc^ohexane-1 : hdiacetic 
acid is the ultimate product, whilst with concentrated snipliunc 
acid a quantitative yield of cyrfohexanc-1 : 1-diacetic acid .3 
obtained. 

Tar, SOUBV ItESKARCII LAllOJOViOK'V, 

ThK UxlYEKSITY, SllEFriKLl). 


and ^-Methyl 

A^'^-decadkne. 

By Yictoe John Hauding, Gertrude Maud Walsh, and 
Charles Weizmann. 

The compounds described in this communication were , 

with a view to their possible technical importance, an 
some of the substances possess some value as pertum 
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aiirtion by tbo methods described here render them too costly to 
wMiiit, of" Ibeir technical application. /S-Methyl-A^^-drdecadiene 

/i-i)iethyl-A“>*decadienc were pre]-)arcd by the withdrawal of 
writer iboni the corresponding tertiary alcohols, it being assumed that 
tliev possess the constitution indicated : 

CHo:CH‘[CH.,],-ClMe2-OH — > Cli;CH-[OH2VCMe:CH2. 

(I.) (11.) 

Cfl .fi’H.,]5*CH:CH*CMe^'0H — > Cti^-[CH,].;CH:0H-CMe:CH2. 

' " (111.) '(IV.) 

The tertiary alcohols were obtained by the action of the Grignard 
reauont on metliyl undecenoate and methyl nonenoate respectively. 
The removal of water frorri (h) was easily effected by means of 
plitlialic anhydride, but the second alcohol (III), on treatment with 
anv acid dehydrating agent, gave polymerised products of high 
htfiliin: point, and anhydrous baryta had no action. By allowing 
the Cri'igTiard mixture to remain for twenty-four liours, however, 
^Yatel•was eliminated, and the hydrocarbons were obtained, although 
ill oxtreiiiely poor yield. Another interesting compound, namely, 
mi fil’d S-iddeh}/do-iy?ionoaf Cj CHO‘[CIl 2 ]s'COoAIe, was obtained by 
the action of ozone on methyl undecenoate. 

Experimental. 

aa-J)b>i€tliyl-^'^'Undecenyl Alcohol, CIElCII*[()H 2 ]§*CMo./OH. 

Fiftv grams of magnesium methyl iodide were prepared in 
ctlieieal solution in the usual manner, and to the solution were 
added 30 grams of methyl undecenoate, also in ethereal solution, 
the ilask being kept cold by a stream of water. The product was 
decomposed by water and hydrochloric acid, the ethereal layer 
separated, washed with water, and ether removed by distillation. 
The residual oil was then boiled for ten minutes with alcoholic 
potassiiuii hydroxide to destroy any unchanged ester, and poured 
into water. The alcohol, which separated as an oil, wms extracted 
with ether, dried over anhydrous magnesium sulphate,^' and distilled. 
It is a colourless oil, with a characteristic and rather unpleasant 
odour, and boils at 130*^/10 mm.: 

0-1432 gave 0-4134 CO,, and 0-1718 C = 78-7; H-13-3. 

^ 13 ^^ 20 ^ requires C-78'8; H-IG'! per cent. 

betenniiiatioii of the refractive power gave: ^ = 22-2°; 
ITr U-84217; 62'54; 63-08; 04-24 ; 

lor liiyitig alcohols in etlirreal solution it lus hcfti fuuiul tint uiihydrons 
“ligursiuiii hulpliate in much prcfovalilu to the more coiuiuouly used sodium 

VOI,. XCIX. 


H II 
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^-Methyl- L!i.°^^-dodecadune, CH.^ICH‘[CH 2 ]g*CMe!OHj. 

I'his hydrocarbon it easily and quantitatively prepared from the 
above-mentioned alcohol by boiling it with the theoretical quantitv 
of phthalic anhydride for four hours. The mixture is then poured 
into a dilute solution of sodium carbonate, the hydrocarbon 
extracted by means of etlier, and distilled, -when it passed over at 
150 — 155°/ 67 mm. On redistillatioii over metallic Bodiiim^ tbe- 
hydrocarbnn boiled at 152°/ 67 mm.: 

0-12G7 gave 0-3999 COo and 0-1518 HoO. C = 86-l ; H^13-3. 

Cj^TTo, requires C = 8C'6; 11 = 13-3 per cent. 
li^Mtihyl-l'^^-dodecadiene is a colourless oil with a faint, lemon-like 
odour. 

Alcohol, Cn,/[CH J:;CH.L1H -CMeo’Ol-f, 
y ^ A"-)' ' <7 er ft fi , C H 3 ' [Cll • C H ! C H • C M e . C 1 1", . 

Both these substances can be prepared by the interaction ot 
mat^nesiurn methyl iodide and methyl A«-noiienoate (compare 
Harding and YVeizmann, Trans., 1910, 97 , 299). To prepare the 
alcohol, methyl A«-noneiioate is added to the theoretical amount of 
magnesium meth\'l iodide in ethereal solution. After two hours, the 
product is worked up in the usual way. The yield is about 30 per 
cent, of the theoretical. The alcohol boils at 88—90°/ 10 mm., an<l 
possesses an odour resembling tl’at of 7 i-nonaldebyde : 

0-1325 gave 0-3778 CO.^ and 0'1514 H^O. 0 = 77 7; 11 = 127. 

requires 0 = 77-6; H = 129 per cent. 
Dolentunation of rofracLive power gave; £ — 17-7°; D^' ' 0 82G,i , 
M,54-38; M, 55-46 ; 55-92 ; - AI, - 1-54. 

The compound can be boiled unchanged over anhydrous baryta, 
but when treated with dehydrating agents, such as pliUiahc 
anhydride, zinc chloride, or potassium hydrogen ^sulphate, pel}- 
merised products of higli boiling point are obtained. 

^-Uetliyl\^y-(lcca(lkne is obtained if the mixture of methyl 
Aa-iioncnoale and Jiiagnesium methyl iodide is allowed to remain for 
twenty-four hours. The yield is, however, extremely poor. The 
hydrocarbon is purified by repeated distillation over sodium, an 
boils at 184°: 

0-1834 gave 0-5802 CO. and 0-2091 Hf). C = 86-2; H = 12'7. 

CjiIIoQ requires C = 8G'8; H = 13-l per cent. 

By the interaction of magnesium methyl iodide and metlq 
crotonate under similar conditions, a small quantity of 
was obtained, and a second fraction, distilling at 122 1- » 
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Qi^ted of metKylethyl isopropylcarbinol. (Found, C = 72'5; H = 14‘4. 
cllc- C=< 2 - 4 ] H = 13'S per cent.) 

petcrmination of the refractive power in ethyl-alcoholic solution 
„avB 1 solute = 36*11. 

Mtthyl Q-Ald€hydo-i\-no7ioate^ C02Me*[CH2]g*CH0. 

Tliis aldehyde was prepared by passing a current of ozonised 
oxvgeii through a solution of methyl undecenoale in chloroform, 
covered by a layer of water, until the ozone ceased to be absorbed. 
The chloroform solution was then shaken with a solution of sodium 
hvdrogeii sulphite, and the sodium hydrogen sulphite compound, 
which separated out after some time, collected, washed with ether, 
and freed from the remainder of the adhering oil by porous 
porcelain. Tlie colourless, lustrous solid was then distilled in a 
current of steam from very dilute sodium carbonate solution, and the 
small amount of oil which passed over was converted into the 
^t;nuc<irha 2 one, which crystallised from alcohol in small needles, 
melting at 94 -96“ : 

0-1309 gave 0-2735 CO. and 0-1066 H.O. C-57-Oj 11-9*0. 
Cj 3 TT. 2 _:^ 03 N 3 retpiires C = 57'6; H— 9'2 per cent. 

The aldehydo-acid, which possesses a very agreeable, fruity odour, 
was liberated from its scmicarhazoiic by warm dilute hydrochloric 
acid. 

Tiik Univcksity, 

M,\sciiksi nu. 


]\—Thc Injliience of Ginfurjoted Liiiklngs oii 
General Ah,^or2')tire l\arei\ Part /, The Ahmrjy- 
tioii Speetrei of Some Benzene Deruxitives, 

By Cecil Reginald Orvmble, Alfued Walter Stewart, 
Robert Wright, and William Gerald Glendinning. 

\\hen an attempt is made to classify the various types of absorption 
spectra, the first distinction which is drawn is between what is 
lerraed general absorption and selective absorption : that is, com- 
pounds are divided into those which show a banded absorption 
spectrum and those which, showing no banded absorption, merely 
allow more and more of the spectrum to pass through their 
solutions as the latter are diluted. At the first glance, these tvro 
tvpes appear to he quite distinct from one another, but further 
consideration will show that general absorption may be merely a 

H II 2 
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special case of selective absorption in which the apparatus devised 
up to the present is not sufficiently sensitive to detect the ott 
side of the band. For instance, the ordinary photographic 
is sensitive up to a frequency of between four and five thousand, 
but if the head of a band in any substance lay beyond this reffion 
we should have no means of determining its position, and con' 
sequently we should assume that the substance in question 
merely general absorption. The only method which seems lilieh- 
to throw light on the problem is to study the influences ivhicii 
affect general and selective absorption \Yith a view to correlate tlie 
two types. The present paper represents an attempt to dcttnniiie 
the influence of unsaturated groupings in the molecule on general 
absorption. 

Tt was shown by Thiele {Annalcn, 1899, 306 , 87) that tk- 
grouping (I), on reduction, yielded a grouping (II), and not, as 
was expected, the grouping (HI) : 

•CH:CH-CH:CH- •CHyCH:CH‘CHy -CH'.CH-CILuCHv 
(I.) (HO ^ (HI). 

and to explain this he put forward his “ partial valency hypothesis, 
in which he assumed that the affinities of the carbon atoms (Jii 
cither side of the double bonds are not completely saturated, hiit 
that there remain partial valencies which, remaining free, an- 
ready to attach themselves to fresh atoms outside the system. Tlic 
two partial valencies on either side of the central single bond are 
.supposed mutually to saturate each other and thus hecoiiie 
temporarily inactive. 

It lias been shown by Briilii (71 cr., 1907, 40 , 878) that such a 
grouping lias a strong iiiiliieiice on refractive power, producinj; 
higher values than the calculated refructivity. liilditch (Tram.. 
1909, 95 , 331, 1570, 1578 ; 1910, 97 , 1091 ; Edminsoii and Hilclitcli, 
ibid., 1910, 97 , 223) has traced the same influence in the case (>i 
optically active substances. Analogous results were observed bv 
Pascal (Compt. rend., 1909, 149 , 342) in the case of diamagnetic 
power. Sir W. II. Perkin (Trans., 1896, 69 , 1141) proved that a 
similar effect w^as noticeable in the case of magnetic rotation. One 
of tlie present authors, in conjunction with Professor Baly, drw 
attention to the fact that two conjugated carbonyl groups had a 
very marked iiilluerice on absorption spectra, an absorption baod 
being developed in the spectra of compounds which contain such a 
grouping. 

Bearing the foregoing in mind, it seemed desirable to turn 
the question of general absorption and examine the spectra ol 
various isonicrides which contained systems of one or more cob 
jugated double boud.s, with a view to determine the effect whic 
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the presence of tlie conjugation produced on tlie absorptive power of 
tlic substances. The present paper contains an account of the 
investigation of some benzene derivatives. 

It is" clear that comparisons can only be made between two sets 

Fio, 1. 
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of isomeric substances ; since the carbon atom in itself appears to 
exert a certain absorptive power, it would not be proper to compare 
the general absorptions of two substances one of which contained 
more atoms than the other. 

In the first place, we may consider a gioup of six compounds 
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which arc closely allied to one another, namely, eugenol, safrole, ao,l 
apiole, with the corresponding tso-compounds (see Figs. 1, 2, and 3): 


HO: 


ouV 




Eugenol. 


Safrole, 


one 

0-/ \ch,-ch:ch,. 

OHj-O OMe 


Apiole. 


110/ /ch:ch-ch, 

OAle“ 

•/.voEiigenol. 

OMe 


0-:( 


CH./0 

VsoSafrol) 


:Ch:cii-ch, 


o_./ ^ch:ch-ch 3 . 

CHtO OMo 

-/.s’oApiole, 

An examination of the six formulae above will show that in the 
case of engcnol and its analogues the double bonds in tlie side 
chains are not conjugated with the benzene nuclei; in the case 
of fsneugenol and its congeners, on the other hand, an extra con- 
jugation is introduced, for the double bond in the side chain has 
been brought nearer to the benzene nucleus, and is now part of the 
conjugated system. 

Turning now to the curves, wc must make a selection nf the 
particular region of the spectrum which we propose to exaniinc, 
As we are dealing wdth general absorption, it is quite evident that 
we should not examine the portion of the spectrum wlndi forms 
part of an absorption band, but that we must deal \\itli some 
section which lies sufficiently far away from the handed region to 
bo secure from interference on the part of factors which exert 
influence on selective absorption. If we choose the repon lyiE 2 
between 10 mm. of A/ 10 and 10 mm. of A/ 100, we shall aYon 
the bands which appear in these thicknesses of .1 /lOOO and moie 

dilute sohitions. . n 

Inspection of the six curves will show that in , 

compound containing the system of four conjugate ou e 
has a greater absorptive power than that which on } ‘ 

three. This assumes that the benzene nucleus contains _ a s 
of three conjugated double bonds, but the conclusion is equa . 
true if we consider the benzene system simply as a 
residual affinity, for in that case we have the two uns 
systems (nucleus and double bond) separated m eugeno 




456 CKYMBLE, yiEWAIlT, WRKiHT, AND GLENDINNINQ; 


a.nalo|,nies, but conjugated together in uoeiigenol, u-osafiole, 
'/ioapioie. 

Let us next turn to the case of the two substances, acctoplicnom 
oxime and acetanilide (see Fig. 4). Here again we have tb- 
benzenoid nucleus in each case, but in acetophenoneoxime ^Ye havf. 
an extra-nuclear conjugation provided by tlie group •C!XOH* whidj 
is absent in acetanilide, the carbonyl group in the latter substanu 
being separated from the nucleus by the interposition of the hninr^ 
group : 

CHiCH-C C-CUg CH:CK-C-NH-C-Clf,^ 

1 I ( 11^ I It 1 1 

CEi:CH-CH N*OH CHiCH-CH 0 

As can be seen from the curves, the rule holds in this case 
for the absorptive power of acetophenoneoxime is much grcat^ji 
than that of acetanilide. 

Another example of the same rule is to be found in the case?, 
of phenyl acetate and methyl benzoate: 

ch:cii*C'0'C-ch, ch:ch-c — c-O'Ch, 

CH:0H-CH b CH‘CH’CH 0 

In the first substance, wc have no conjugation apart from that 
coniprised within the benzene system, but in methyl benzoate vt 
have the carbonyl group conjugated with the nucleus. An 
inspection of the curves in Fig. 5 will show that methyl beiizoate 
has an absorptive power greater than that of the isomeric substance. 

AVc now come to two pairs of isomcrides which form a crucial 
test of this hypothesis. It will be remembered that in his original 
paper on Ihe'partial valency hypothesis {Annalen, 1899, 306. Ill) 
Thiele considered the case of what he termed '• crossed cIoliIjIc 
bonds,’' and showed that in a system of the following type: 

-bk:cK 

•C'HiC-CHlCH-’ 

one end of (lie doul)lc bond between the atoms 3 and i is conjugalfd 
with both the other double bonds. Now, if this lie so, it is clwr 
that such a system cannot be regarded as conjugated to the saiw 
extent as a svstem of double bonds, such as : 

(/j) •ch:(.'h-ch:ch*ch:ch*, 

in which the partial valencies neutralise one another in the ordinal} 
manner, leaving only one partial valency free at each end ol t 

Vn system (.1) the partial valency of the atom (4) 
to neutralise not only the partial valency of the atom 
also that of tlio atom (o), and it is clear that in such a ca^e j 
this we have incomplete conjugation. Such an instance is ]U’o 
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by alropic acid, for in it the double bond of the group 
conjugated with the double bond of the carbonyl group, and 
with the nucleus. Compare this with the isomeric cinnamic acih 
OH OH 

(■J) * I i2( (4)' I 

ch:ch-c — C‘ c:o cii:cH»C‘Cii:cH-a:o 


1 (31 il I (3i;i (fj) 

cii:oH-oH CH, ch:ch-ch 

(1) “ (1) 

Ati’opic acid. Cinnamic acid. 

In cinnamic acid, the whole five double bonds form a 
conjugated system, whereas in alropic acid, if we regard the fir^ 
four a conjugated system, it is clear that the fifth double bond 
will act as a disturbing iulluence, tending to absorb some of tlie 
partial valency of the atom marked with an asterisk, all of ^hich 
ought to he devoted to saturating the partial valency of the atom 
of the benzene ring to which it is attached. It is clear thercfoie 
that in cinna.Miic acid we have a complete system of conjugation, 
including wdthin itself all the double bonds of the molecule, whereas 
in atropic acid wo have two conflicting systems, and we should 
therefore expect to find that the absorption of cinnamic acid was 
more powerful than that of atropic acid. A glance at Fig. 6 will 
show that this view is correct. 

An analogous case is to be found in benzophenoneoxime and 
benzanilide : 


ch':ch-{i — c — c—CHicH ch:cti*c— c-nh-c-ch:ch 

I ijpi :(4) l'i.M 1 I '3)i: (4} pi 1 I 

oh:ch-ch ch*cii:ch ch:ch-oii o ohchx'Ii 

( 2 } (^) 

Benzophenoneoxime. Bejiznnilide. 

Here the double bond of the group •C(NOH)- is conjugated with 
one douhle bond in each of the nuclei, whilst in benzanilide no such 
system of crossed double bonds exists, but, instead, we have ho 
separate systems of coiijugatioii. In botli substances ^Yc have the 
same number of double Ijonds, namoiy, seven, but vhilst in benz 
anilide wo have the donl)le bonds 1, 2, 3, and 4 forming a complete 
and self-contained conjugated system uninlerfercd with by the 
bonds 5, 6, and 7 of the second nucleus, in benzophcnoiieo.Kime ve 
have the conjugated system of 1, 2, 3, and 4 disturbed b) tie 
intrusion of the bond 5, Thus, in bcnzophenoiieoxinie, altliojigt 
we have the same number of double bonds as in benzanilidej t eir 
distribution is such as to prevent the complete neutralisation oi 
the partial valencies which is found in true conjugate 
except at their ends. From this, we should^ expect to n 
benzanilide, having most true conjugation^ in its 
greater ab.sorptivc power, and an inspection of lig- ^ 
that this is the case. 




13cn‘^ophen<yncoxLui'i. 
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In a set of curves published by Baly and Tuck (Trans., 1906. 89 
982) we have noticed half-a-dozen other examples of this 
rule. It is known that when the phcnylhydrazones of aldehydes or 
ketones are exposed to light, they tend to change into azocompounh 
Taking the case of acetaldehydcphenylhydrazone as an exatBph. 
the structures of the two substances are: 

CJI5-NH-N:CH-CH3 CeH.-N-.N-CH.-CIIj. 

Be lore exposure to light. After ex]>osnre to light. 

It will be seen that in the first compound the double linnd 
•NICH- is not conjugated with the nucleus, xvhereas after exposure 
to light the nucleus is conjugated with the double bond -Xiy.. 
An examination of the curves given by Baly and Tuck sliows that 
the conjugated isomcride has greater absorptive power than the 
unconjugated hydrazoiie. 

A final instance may be adduced in favour of our views. It ha^ 
been shown by Hartley and Dobbie (Trans., 1900, 77, 498} that 
the general absorptive power of the enolic form of ethyl dibenzoyl 
succinate is much greater than that of the ketonic modifications, 
A layer of 25 mm. thick of a solution containing one Jiiilligrarn- 
molecule of the enolic variety in 100 c.c, of alcohol cuts off all 
rays beyond a frequency of 2171, whereas a corresponding expert 
menfc with the ketonic isomeride showed that light is transmitted 
up to a frequency of 2795. Thus the absorptive powers of the 
two substances difier by no less than six hundred units under 
those conditions : 

OH OEt O OEt 

c„H,'C:c-c:o o,n,'C-CH'C;o 

CgHj-cic— c:o C5H,,-(:j-cn-c:o 

" OH OEt 0 OEt 

Enolic form. Ketonic form. 

Inspection of the two formula: will show that in the ketonic 
form the only conjugation is that between the nuclei and iho 
adjacent carbonyl radicles; the two carbonyl groups of the carl )Oxyl 
radicles are not in conjugation with any double bonds. In the 
enolic form, on the other hand, the carbonyl radicles of the carboxyl 
groups are drawn into the general system of conjugation. Thus, in 
the ketonic form, xve have the coiijugation of nucleus ^nd C 
group occurring twice, whilst in the enolic form we have the con 
jugation of nucleus, etliylenic bonds and carbonyl radicle occurnn. 
twice. The latter system is probably weakened by the cro,- 
conjugation of the two etliylenic bonds with each other, but e\en 
after deducting a considerable amount for this, we are le t 
a marked preponderance of conjugation in the enolic and more 
absorptive form of the substance. 
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similar to those wliich we have described above have 
. gbtained by us in the alicyclic and open-chain compounds 
'• ’v -ind these will furnish the basis of a future paper. Tlic data 
■,r t]>e present paper include fourteen pail's of isomerides of the 
(liluu'eut types; and we believe that it is established that if 
examine two isomeric substances, that whicli contains the 
...^.■uov nunibcr of true conjugated bonds within the molecule will 
J-ou’ the greater power of general absorption. These results seem 
i^lcolv to be of interest in the case of terpenes containing two double 
’tHnuis the relative positions of which have not been definitely 
cuddidicd, as a coiiiparisou of their general absorptive power with 
ti'ur of isomeric sul)stances of known constitution would enable us 
1. 1 decide whether or not the terpenes in question contained con- 
j\erated or unconjugated linkings. We might also mention that 
ill ! lie course of this work we have observed another relation which 
'ippcars to be general. If tiie absorptive power of two isomeric 
vidi-tances, one of which is capable of conversion into the other, 
1 h' i'xaiiiinccl, we have fonud that the stable isomeride shows greater 
■ih-oiptive power than the labile form, for example, n-propyl 
liriitnule has less absorptive power than isopropyl bromide, into 
wlucli it can be converted by Iieating. This rule liolds in those 
L’;j:-cs wliere there is no conjugated system in the molecule. 


ilXPERIMENTAL. 

This substance was obtained from Kablbaum, and was 
jiiiriru'd by fractionation under diminished pressure. 

m\Ktojcnoi - This was obtained from Kahlbauiu, and was twice 
distilled, tlic fraction boiling at 167- -168^ being finally taken. 

Sni'nilt'- -This was obtained from Kablbaum, and "was re-distilled 
until it had the correct boiling point. 

iio>'(///vfe. - Obtained from Kablbaum. On re-distillation, the 
middle fraction boiled absolutely constant at 25T^ '7GO mm. 

■ Iphtlf . — This was purchased from Scliucharclt. It had the 
correct ineltiug point. 

isa.l^io/<’. — This also was obtained from Schuchardt. It was re- 
crystallised from aqueous alcohol until it melted at 56'^. 

^<-i-toi)!ien(}i}e.a.i:iuit . — This was prepared by one of us, and re- 
crystallised from light petroleum until it melted sharply at 
■h-iUniiluh . — This was a Kahibaimi specimen, purified in the 
»nual way (in. p, ]13^), Two separate specimens of the oxime and 
die anilide were prepared and photographed, the spectra being 
found to be identical 

Jirnzoaie . — This sn.bstaucfi was prepared by one of U5 
b} the action of benzoyl chloride on metliyl alcohol. It was 



462 ABSORPTION SPECTRA OF SOME BENZENE DERIVATIVES. 

fractionally distilled several times, and the fraction hoiling con 
stantly at 199°/ 756 mm. was used. 

Phenyl Aceiate..—"^\m was prepared by one of ns fram acetvi 
chloride and phenol. It was purified until it boiled constantlv it 
195'8°/756 mm. 

Cinnamic Part of the curve of this substance had alreadv 

been published by one of us (Stewart, Trans., 1907, 91, 20‘2). 
compound was re-photographed at higher concentrations, and tie 
two curves were found to be coincident. 

Atrofic Acid . — A specimen obtained from Schuchardt (m. p. 
10G'5°), 

Bcnzo^^heno^ieoximt . — Prepared in the usual manner. Ke- 
crystalUsed from aqueous alcohol until it had the correct iiieltiiiij 
point, 

Benzanilidc . — This was obtained from Kahlbaum, and purified bv 
rccrystallisation from alcohol. 


C oncUisiom. 


1. The following rule regarding general absorption has been 
established. Of two isomeric substances containing two or more 
double bonds, tlie compound the molecule of which contains the 
longest chain of conjugations will have the greater absorptive power 
in the region of the spectrum above that in which any absorption 
bands make their appearance. 

2. In the case where two isomeric substances contain the same 
number of double bonds, it appears that the compound containing 
three conjugated groups in a single system : 

r:r-r:ii*r:r 

will have an absorptive power greater than one containing a system 
of so-called crossed double bonds ’’ : 

R 


r:R’R-r:r • 

3. As this rule has been found to hold good in the case of 
alicyclic substances as well as in the benzene and aliphatic senes, 
it furnishes a possibility of obtaining additional evidence of the 
structure of tcipenes containing two double bonds the rclatue 
positions of which are not established. 


In conclusion, wo desire to thank the Research Fund Coniinitte? 
of the Society for a contribution towards the expenses o 
research. 


The SiK CuiuiiE Labokatoiuks, 

Tin: CjUKEx's Uxiver.sity of Belfast. 
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Occlusion of Hydrogen hy the Palhidinm- 

Gold Alloys. 

By Arthur John Berry. 

[he numerous investigations which have been carried out on the 
revision of hydrogen by palladium favour the view that the 
consists of the solution of the gas in the rnetal rather 
'»'in of chemical combination, Hoitsema {Zeitsch. 'phjsiliCil. Ghem..^ 
lyi'i 17, 1). in a very complete investigation of the vapour pressure 
j ‘•palladium-hydrogen/’ concluded that two immiscible solid 
:,/iuioii£ are formed. At the same time, the precise Tiature of the 
proihict can scarcely be regarded as completely established. 

It appeared to be of interest to investigate the absorption of 
hvilro^eii bv palladium when alloyed with another metah The 
palladium-gold alloys were selected for this purpose. These alloys 
a complete series of mi.xed crystals according to Ruer (Zeifsch, 
.nanj.Chem., 1906, 51, 391). 

hi a. paper entitled Additional Observations on Hydrogenium/’ 
(h’aliatn {/‘roe. Jtoy. Soc.^ 18G9, 17, oOO) described some experiments 
(■n tlie occlusion of hydrogen by some alloys of palladium. Ilis 
n.-ults with the palladium gold alloys iu general differ very con-' 
hturablv from those of the present author. These results are 
dijcnssed at the end of this paper. 

Experimental. 

The palladium was prepared by the reduction of the chloride by 
^:xlium formate in liat aqueous solution. After washing, the spongy 
iiicta] was fused in tl:e oxy-coal-gas flame, atniealed, and rolled. 

; The alloys were prepared by fusing the two metals in the requisite 
ipfopoiTioiis ill the oxy-coal-gas flame on cupels. Tlie buttons veero 
tticn annealed and rolled, and the whole process repeated to ensure 
homogeneity of the product. 

The occlusion experiments vrere conducted in the following 
maiuicr. Two similar voltameters containing dilute sulphuric acid 
^vere connected together in series. The cathode of one voltameter 
of the alloy the occluding power of which was under iuvesti- 
gation. The cathode of the other voltameter, as well as the anodes 
w both voltameters, were of phitinum. The hydrogen evolved 
fioni both cathodes was collected in measuring tubes in the usual 
manner. Since the same current flowed through both voltameters, 
quantities of hydrogen liberated at the two cathodes were 
Identical. The amount of hydrogen occluded by the palladium 
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alloy was simply measured by the difference between the 
volumes of gas. 

In these cxporiments, quantities of alloy of 0‘5 to 1 aiam ^erg 
employed. Electrolysis was always continued for some time aitgf 
the alloy appeared to be supersaturated with gas, in order to alb 
sufficient time for the gas to diffuse inwards. The apparatus was 
then allowed to stand for several hours before reading tlie voliimg; 
of gas. Thorn a {/jeitsch, fhy&lkoL CheM-.y 1889, 3 , 69) has shown 
that palladium can be supersaturated with hydrogen when charstd 
electrolytically ; the excess of gas is, how^ever, evolved after tlh 
current ceases. 

Preliminary experiments gave somewhat inconsistent results fe 
the quantity of hydrogen occluded, and, in general, the more dihuc- 
the alloy was in respect, to palladium, the greater was the diffuiilty 
in obtaining consistent results. It was subsequent!) found that 
the iiiconsistetit results were due to incomplete annealing of dig 
alloys before saturating them with hydrogen. Consistent result? 
were readily obtained by annealing the alloys in an electric fiiriiacg 
for about two hours at a temperature of 650° before charging their, 
with hydrogen*. That the occluding power of palladium depends tc 
some extent on the physical condition of its surface has been notta 
by several investigators; Mond, Ramsay, and Shields {Vh'd. Imi, 
1898, . 1 , 191 , 105) have, however, shown that when the proptr 
conditions are observed, the amount of hydrogen occluded is in all 


cases approximately the same. 

Idle results arc shown in the adjoining diagram. It is clear 
that the occluding power of alloys containing more than about 
per cent, of palladium is a simple function of the concentration ol 
that metal although not simply proportional to it. For corapamm 
the writer lias inserted the values obtained by Graham, It is cle:u 
lliat, with the exception of the alloy containing J5'3 per cent, i- 
palladium, the two curves show no agreement. Willi regard to 1 1 - 
alloy containing 50 per cent, of either constituent, Graham remay 
as follows iloc, nL): ''The presence of so much ^ hi ; 
weight did not materially reduce the occluding power of paUadmi^ 
Such au alloy was capable of occluding 459'9 times its 
hydrogen with a linear expansion of I’bT per cent. - 

not appear to have performed any experiments with alio 
dilute ill respect to palladiuni. For this reason, the, pres^ 
is of opinion that Graham's results must not be acrepte 


reserve. . , ^ . 05 per 

In order to determine whether alloys containing „ "apov 

cent, of palladium were capable of occluding hy ‘ | 

containing 19-5 per cent, of this metal and 80'J per c 



palladium-gold alloys. 


m 


specially prepared. Experiments were made with 4-1745 grams 
alloy instead of with the smaller quantities hitherto employed. 
In no case was there any evidence of any occlusion having taken 
place. 

The curve appears to be of the general form to be expected for 
the diminution of the solubility of a substance when the solvent 
contains increasing quantities of an inert diluent. Tlie question 
-j? to whv occlusion should cease altogether when the concentration 



conctniraiLon of gold hi aUvy. 

Upper curve: Occhmon iicr (jrnm of gwlladiura. 

Lower „ , (iho}!. 

i5vok(‘n curve, and black points : Graham a }) r [iran'i if 

fsi the palladium falls below about 25 per cent, docs not appear to 
Is* obvious. It would bo premature to attempt to frame any 
hypothesis to explain this phenomenon at present. It is intended 
to investigate the occluding properties of other alloys of palladium, 
atul it is hoped that some light may be thrown on the matter. 

Before concluding this paper, the writer desires to call attention 
to some experiments performed by Shields {Proc. Roy. Soc. Efio., 
1B9S, 22, 169) on the electromotive force of the combination; 
VUL. XCIX. I 1 
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palladium containing much hydrogen, dilute sulphuric 
palladium containing little hydrogen. Shields calculated the 
electromotive force of such a cell from the well-known equation- 



Experiment, however, showed that the electromotive force of % 
system approximated to zero, and Shields concluded that since the 
system apparently did not behave as a true concentration cell i 
definite compound of palladium and hydrogen was formed, h 
calculating the electromotive force of the combination, Shield’ 
apparently assumes that the ratio of the concentrations of the 
hydrogen in the concentrated and in the dilute solutions is pro. 
portioual to the ratio of the osmotic pressures of the hydroffen 
This assumption appears to be quite unjustifiable, and, indeed, there 
is definite experimental evidence against it. An examination of 
Hoitsema's curves (Joe. cit.) will show that the vapounpressure 
curve at the ordinary temperature continues almost horizontal to 
the concentration axis throughout the greater part of its ran»e 
after which it rises rapidly. It is almost certain that Shields’ 
experiments were performed on the horizontal part of the curve, 
and if we assume that the vapour pressure is a measure of the 
osmotic pressure of the hydrogen, an electromotive force approxi- 
mating to zero is precisely what one would expect. Consequently, 
this phenomenon cannot be regarded as evidence in favour of the 
view that palladium and hydrogen form a definite compound. 

The author desires to express his sincere thanks to Professor Pope 
for suggesting the subject of this investigation to him, and for 
allowing him the use of the palladium chloride for the preparation 
of the alloys, and to Mr. Heycock for the interest he has taken in 
these experiments and for his valuable suggestions. 

UxivERsiTY Chkmk;,u. L.yboratouy, 

Cambridge, 


LVII , — The Determination of the Dissociation Pressures 
of H}jd rated Salts hy a Dy^iamical Method. 

Cy J.\MK3 Riddick Partington. 

Probably no branch of physico-chemical investigation baa aroused 
a more lively and sustained interest than that dealing Ce 
dehydration of the so-called molecular compounds of water 
^ substances wliicli are clectrolytically dissociated in aqueous souW“ 
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the hydrated salts. The study of this phenomenon by the 
Measurement of the pressure of water vapour in contact with the 
artlv dehydrated salt has claimed the attention of many investi- 
^ ^ rs and a rich store of numerical data has been ama^ssed. The 
LperiMental methods employed may be classified into: 

/U Statical Methods^ depending on a determination of the 
ressure of water vapour which has been kept in contact with partly 
kliydrated salt for a comparatively long time, and including the 
(v.mimctne Method, introduced by Mitscherlich, in which the 
iressure is recorded directly by a gauge, and the Dew''pfiint Method 
)f Lescoeur, in which the pressure is determined by the temperature 
a surface on which the vapour deposits dew. 

The fact, first asserted by AViedemann (1866), that such a pressure 
is definite for a given pair of solid phases, and is a function of the 
temperature alone, may be regarded as established, although some 
sarlier workers (Precht and Kraut, Annalcn, 1875, 178 , 129; 
A Naumann, Ber,, 1874, 7 , 1573) were inclined to believe that 
they had evidence that this was not the case. 

(2) Dynamical Methods, of which three types have been utilised: 

(i) The Diff usion Method, of Muller-Erzbach, in which the vapour 
formed from the hydrate at the bottom of a cylindrical tube is 
allowed to diffuse up and out of the tube. The loss in weight after 
a ffiven time, and the loss in weight of a similar tube containing 
water, provide the data required. 

(ii) The Transyi ration Method, in which the water removed from 
the hvdrate by a slow stream of air is determined. Prom this, the 
vapour pressure may be calculated, on the assumption that water 
vapour under this pressure obeys the gas laws, either by measuring 
the volume of air aspirated, or by comparing the weight of w’ater 
vapour carried away from the hydrate with lhat carried off from 
pure water by the same volume of air. 

(hi) LinebargeAs Method, depending on the change of boiling 
point of a solvent which dissolves water only sparingly, by the 
introduction of hydrated salt. 

The transpiration method appears to have been used in one 
research only, namely, by Tammann (11 ierZ. Ann,, 1888, 33, 329), 
who measured the volume of air passed over the hydrate. He 
observed that dissociation pressures measured in this way are 
appreciably higher than those determined tensimetrically. The 
difrcrence he explained as due to the presence of traces of saturated 
solution retained by the crystals. II. Schottky {Zeiisrh, 'i)hijsikali 
ChertL, 1908, 64 , 433) has carried out a series of tensimetric 
tneasurenients with great care, and has observed a similar abnormally 
high pressure during the initial stages of a static measurement/ 

I 1 2 
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He adopted Tairjmann's explanation : Schwer zu vermeiden 
ferner eine Storung, die wohl der Adsorption, dem Pesthaltea 
Ldsungsliaut an den grossen Oberflachen der gopulverteu sT 
zuzuschreiben ist. Nacli friscber Beschickung des Apparates 
znnacKst viol zu grosse Drucke auf/' 

Experimental. 

The author has carried out a number of experiments by t]] 
transpiration method, but instead o£ measuring the volume of air 


Fig. ], 



aspirated tlirougli the apparatus, which involves troublesome 
corrections for changes of barometric pressure, the air, after passing 
over the hydrate, was allowed to bubble through water at the same 
temperature, If icj, tcq are the weights of water removed from tb 
hydrate and pure water respectively, at any temperature 0, it 
easily shown that : 


P6 * 


(!)• 
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'^9 dissociation pressure of the hydrate and the 

vapour pressure of water respectively, with the same assumption 
a5 before. 

T\yo forms of apparatus were used, the first (Figs. 1 and 2) for 
low temperatures (20°, 25°). The hydrate was contained in the 
U-tube which w^as 30 cm. in height and 2 cm. in diameter. 
This was closed by well-paraffined corks covered outside with soft 
wax. and was connected on one side with a series of drying towers 
and a small gas meter, on the other with an absorption tube B, 


Km. 



cfHitaining calcium chloride and phosphoric o.xide. Ground-glass 
joints, covered with a thin layer of vaseline, were used for connect- 
mg all parts of this and the second apparatus, in which w’ater 
vapour was present. Rubber connexions and stoppers are quite 
useless in such cases, on account of their hygroscopic nature. The 
tube D was connected through a protective drying tube by a piece 
of lead tubing and rubber pressure-tubing joints with the wmter- 
tubbler G, a plain glass washing-tube, 20 cm. long and 2 cm. in 
diameter, which communicated with a trap /J, in which fitted, by 
S' ground joint, the absorption tube h\ containing calcium chloride 
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and phosphoric oxide. A little glass wool was placed in the tuh; 
between G and The tube E was connected, through a srnal) 
wash-bottle containing frequently renewed concentrated sulphuric 
acid, with two large empty bottles with regulating taps, and these, 
finally, were attached to a water-pump. 

The absorption tube E, closed below with a ground cap, 
placed in the trap D for about five minutes before the commences 
ment of every experiment, so as to assume the temperaturo of the 
thermostat, in which the whole was immersed np to the dotted 
line. 

The volume of air aspirated varied from three to six litres 
according to the temperature, and each aspiration occupied from 
four to twelve hours. The air bubbled through G at the rate ol 
about two small bubbles per second, and always passed through at 
a perfectly uniform rate, although A was in some cases filled with 
powdered salt. When the experiment v;as finished, all the taps 
were closed, and the absorption apparatus detached, cleaned from 
lubricant by means of benzene, and weigbed by Bordaks method. 

The second apparatus differed only from the first in having the 
U-tube, the ends of which were hermetically sealed, completely 
immersed, and communicating with an absorption apparatus exactly 
like that used with the water-bubbler. All danger of condensation 
on cool parts wa-s thus avoided. 

The thermostat, which was fitted with a plate glass window, was 
stirred by a small paddle placed to one side, and mounted on a 
shaft working in a bicycle hub with ball-bearings. This, when 
driven by an electromotor, threw a current of water upwards, and 
at the same time caused the whole mass to circulate. This is a 
method of stirring much more efficient than that in which a large 
paddle, covering the bottom of the thermostat, is used. A 
Beckmann thermometer, compared with a standard, was used, and 
the bath could, by means of a Lowry bulb-regulator, bo kepUt a 
temperature varying by 0 - 005 ° at the most, for several days, without 
attention. At the higher temperatures the water was covered witu 

a layer of cylinder oil. , 

Most of the water condensed in the upper part of tne 
leading from the trap, and was retained by an obvious device 
shown in the diagram. 

A. Co'p-per Sulphate Hydrate. 

The first measurements were made with the system: 

CuS 04,5 ^ CuSO^jSHjO + ‘iHaO. 

Purified and recrystalliscd copper sulphate was f ^5 

prepared was in very small crystals, which were kept or 
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a press between filter paper, and then air-dried for a week. 
ji colmnn of 10 cm. was put in the U -tube, air aspirated through 
for about six hours, and the measurements begun. After the 
gxperiments, the salt was seen to have effloresced for a depth of 
O'g cm. next the air-inlet, this part being separated sharply from 
the rest, which was apparently unchanged. 


Temperature = 25‘0l°. 7r25,yi = 23'560 mm. 



1^2- 

n\m. 

0'CI075 

0-0232 

7 ‘61 

0-0085 

0-024,5 

8-13* 

0-0066 

0-0186 

8-36* 

0-0065 

0-0203 

7-54 

0-0176 

0 0519 

7-98 

0-01924 

0-0594 

7-28 

0 '01 1.57 

0-03610 

7-55 

0 00919 

0‘02776 

. 8-05 

0 00744 

0 ’02263 

7'74 


The mean (rejecting those numbers marked *) is p 2 .vE>i = 7'68 mm. 

The value interpolated from Frowein’s tensimetric results {Zeitsch. 
fhjsikal Vhtm., 1887, 1, 5) is p25-oi==7’35 mm. 

The dynamic pressure is thus slightly higher than the static 
pressure. 

B. Barium Chloride Hydrate, BaCl2,2H20. 

For various reasons, it appeared desirable to use a hydrate con- 
taining less water than copper sulphate pentahydrate, and barium 
chloride dihydrate was next taken, puriiled by recrystallisation. 


Temperature 25'OF. 



wi, 


/^i5oi iiini. 


0-00690 

0-03112 

5-20 


0-01013 

0-01.503 

5-30 


0-01-390 

0-04728 

6-92* 


0-01152 

0-03766 

7-20* 

[25-03^] 

0-01138 

0 '042-22 

6-34* 


0-01064 

0 '04576 

5-26 


0-01108 

0-04952 

5 ’27 

The mean 

value adopted 

is P25.oi = 5-26 

mm, Frowein's inter- 


pointed value is 5 ‘20 mm. 


Some irregularities were observed with this substance, and the 
experiments were not extended to higher temperatures. 

C. Racemic Acid Hydrate, (C^HfiOQjHoOjg. 

Kahlbaum’s "pure racemic acid" was used; 100 grams were 
reduced to a coarse powder and placed directly into the U-tube, 
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{(() Temperature 25*00° Tr^j = 23*546 mm. 


(tt) 

ay. 

^25 mill. 

0*00454 

0*03854 

2*77* 

0-00840 

0*04251 

4 * 66 * 

0-01009 

0*04591 

5 * 49 * 

001672 

0*03994 

9*85 

0 02660 

0*05550 

11*29 

0-01701 

0*04415 

9-08 

0 - 0-2044 

0*04934 

9*65 

0-02196 

0*04890 

10*58 

0-01943 

0-04293 

10*66 

O *03001 

0 06 SS 9 

10*27 

0-01571 

0-03377 

10*96 

0-01409 

0-03299 

10*08 

Tlie mean result is Pi 

;- = l()-37 mm. 


(j3) The acidj which had effloresced onlv 

■ near the inlet tube, 

removed, well mixed, and replaced. The follo\Ying numbers ivere 

obtained : 



0-01095 

0-03189 

8 * 104 * 

0-01595 

0-03667 

10-24 

0-01017 

0 03776 

10-35 

(y) The acid was now 

removed, mixed, 

and distributed in three 

horizontal U-tubes. A 

current of dry 

air was passed over for 

four hours, the solid being frequently shaken so as to expose new 

surfaces. The whole was well mixed 

and recharged into the 

experimental tube. The results were; 


0-01977 

0-04419 

10-51 

0-01810 

0 041 85 

10-19 

(5) The acid was removed, spread out 

on a large porous plate, 

and placed in a vacuum desiccator over 

calcium chloride for an 

hour. After mixing, it 

was replaced by the experimental tube : 

0-01090 

0-02216 

11 - 59 * 

0-03099 

0-04923 

15 - 77 * 

[ 24 - 99 '] 0-02142 

0-05141 

9 - 805 * 

0 -01 838 

0-04104 

10-55 

The meati result from 

(cc) to (5) adopted is 

(5) Temperature 20' 27°. 7r^(j.^ 

,-ij;17'696 mm. 

ny. 

V‘n. 

liiiil. 

0-00655 

0-02488 

4 - 66 * 

[ 20 * 29 h 0-00998 

0-03326 

5*96 

o-nioos 

0-03701 

4 - 82 * 

[• 20 - 295 ^] 0-01112 

0-03493 

5 - 62 * 

0-01417 

0-03763 

6-81 

0-02270 

0-04992 

8 - 05 * 

0'01709 

0-05422 

5-81 


Mean result adopted is po,,..-,; = 5*61 mm. 
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(r) Temperature 29*89®. = 

31‘384 mm. 

U\. 


^^29-69 nun. 

0*01799 

0-03823 

14-77 

0 ‘0261 5 

0-04761 

17-16 

0-01 923 

0-03201 

18-85 

a 0279.5 

0-04620 

18 98 

0-03107 

0-05636 

17-30 

0-02040 

0-034-23 

18-70 

result adopted is 18-19 mm. 


(r/) Temperature 

40-00®. 

54-97 mm. 

nV 



O-Otj.'i/O 

0-08408 

42-06 

0-05-295 

0*06951 

41-87 

rOTJ 0-01299 

0-05268 

44-86 

005505 

0-07144 

42-36 

0-01385 

0 05577 

43-22 

: = 43-05 mm. 



(c) Tcrnperatui’e 

uU-QO®. 

0-17 mm. 



j':.n null. 

0 09297 

0-10781 

7n-49 

0-08559 

0 09542 

8-2-6‘6 

0-1632.5 

0-18573 

81-02 

0-03464 

0-09667 

80-69 

: /Lo-^ 80-96 mm. 




Dkcussion of ilie. 

The numbers for racemic acid hydrate have been represented 
graphically in Fig. 3. The perfect regularity of the curve shows 
that the pressure measured by the transpiration method is a definite 
iria-gnitude, whatever interpretation may he put upon it. 

The mean pressures of series (A) and (B) confirm Tammann’s 
statement as to the higher value of the dynamic as compared "with 
the static pressure,* but it is believed that the results of series (C) 
entirely exclude any possibility of explanation by the supposed 
presence of saturated solution, and are in agreement with the 
theory indicated by the author in a previous communication (Proc., 
1911. 27, 12). 

There are three possible explanations of the higher values of the 
dynamic pressure : 

(1) That they are a consequence of incorrectness of the assiimp- 

Soiue further experiments with RaCt>.2H;,0 iiuUoate thfit the pres-sme at 25" is 
pKilMl.iv rather higtter than the one recorded ; the value 5 ‘50 seems to be probable. 
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tion that water vapour at the pressures considered obeys tie gj, 
laws. 

This explanation is excluded by Schottky’s observation that the 
phenomenon also appears in the initial stages of a tensiuetfi^ 
measurement. 

Fio. 3. 



Tempmdure. 

(2) That they are due to the presence of saturated solution 
retained on the crystals, or occluded in their interior. . , ■ . 

The solution could scarcely have been occluded in the lu 
of the very small crystals of copper sulphate used in the 
now described, and, if present at all, must have been ® . 

to the surface. If this were the case, the pressures rgcor 
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tbe first one or two experiments should always he higher than those 
311 the later ones. Exactly the reverse is observed; the initial 
pressures are either very small, the pressure then rising steadily 
the extent of dehydration proceeds, and finally attaining a 
steady value which is higher than the tensimetric pressure, or else 
steady all through the series. The first phenomenon is observed 
with series C(fi'),[o], C(c), especially in the first, where 

no previous dehydration had occurred ; the second is characteristic 
of series (A) and (B), in which the salt was dehydrated to a fairly 
considerable extent before beginning the measurements. 

This fact, taken in connexion with another to bo mentioned 
immediately, leaves open only the third hypothesis; ^ 

( 3 ) That the phenomena are simply and completely explained by 
the initial production of an unstable, probably amorphous, lower 
jivdrate or anhydrous salt, which passes slowly into a stable, 
crvstalUne modification. 

The initial formation of such a substance is rendered probable, 
from ail inductive point of view, by Ostwald’s Principle of Successive 
Reactions, and is apparently also in agreement with the repre- 
sentation of the process of dehydration which is given by the 
molecular theory. The vapour pressure of a pure liquid is the 
same whether determined statically or dynamically. The necessary 
conditions for this are obviously that the surface of separation of 
the two phases remains unaltered in character when either phase 
is increased at the expense of the other, and lliat the readjustment 
of temperature in the liquid can, by conduction of heat to it from 
the surroundings, occur sufficiently rapidly. In the case of a pair 
of isotropic phases (for example, pure liquid and vapour), these can 
be fulfilled, because the equilibrium is attained and maintained 
by the statistical equality in the numbers of molecules leaping out 
of, and returning to, the liquid in any interval of time. By reason 
of the wholly unco-ordinated molecular motion in each phase, the 
transference of a finite amount of one phase to the other can produce 
no effect on the losing phase, wliicli could not have been produced 
by withdrawing a portion of the phase in bulk, which, of course, 
has no influence on the equilibrium. If, however, one of the 
phases is a crystalline solid, this is not necessarily the case. In a 
crystal of a hydrated salt, one may suppose that the molecular 
aggregates of anhydrous salt and attached water are oscillating in 
(Small excursions about fixed points which are arranged in definite 
spacedattices (“ Kaumgittern determining the crystalline form. 
If the kinetic energy of one of these aggregates exceeds a certain 
imte amount, the component molecules part company, and the 
^0 6<^^les of water are ejected forcibly from the space-lattice. This 
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will produce a disruption of that portion of the lattice adja^e^^ 
to the centre of disturbance; it breaks down, and the molecules d 
solid lower hydrate, or anhydrous salt, remaining beliiu^ {gV 
together into an amorphous aggregate which only slowly rearranges 
itself into a new space-lattice, and so gives rise to a stable, crystalltie 
form. The molecules of water, which now form an isotropic vapour 
phase, can obviously not return to their original positions h 
first space-lattice, and a condition of mobile equilibrium, exactiv 
analogous to that existing between a liquid and its vapour, t 
excluded by the nature of the system (compare Schenck, _ 

1900, p. 313, who finds that the dissociation pressure is different 
over different crystal-faces). 

The molecular theory of dehydration of a crystalline hydrate 
has, along with other dissociation phenomena in heterogeneom 
systems of similar character, offered difficulties which do not appear 
to be completely overcome even at present. The case under 
discussion may, however, be considered from another point of vie\T, 
which, whilst it does not enalfie us to see all that is going on during 
ilie process, is at least in agreement with the observed phenomena. 

If we regard racemic acid hydrate for simplicity C 4 H 50 JiO, 
or R*H.>0. we can represent the process of dehydration as follows: 

K‘H..O — > Fla ri-HyO 

i 

in which Ra is the unstable form first produced, which passes slowly 
into the stable, crysta-lliuc form, R^. 

The dissociation pressure of water vapour over such a system will 
be a function, not only of the temperature, but also of the absoiua 
and relative amounts of R^ present ; it will, for example, be 
zero over a perfectly uneffioresred crystal, when : 

= 0 . 

The removal of water doubtless occurs at a definite mnuber d 
centres of efflorescence which are distributed thronghont the salt 
These spread through the mass, and a limited region of effiorescenLe 
is formed in the vicinity of the air inlet-tube. The extent of this 
region will depend on the facility with which dehydration occurs, 
and on the number of pre-formed nuclei. It was found, for example, 
that a much longer column of barium chloride hydrate was require 
to attain saturation than of copper sulphate hydrat^ a oug 
the dissociation pressures are not greatly different. 
period of small vapour pressure therefore corresponds wi 
formation of an efflorescence region. When such a 
formed, the process of dehydration is confined to that part o 
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! system. product of dehydration will be the unstable 

:ioiver hydrate, and when sufficient of this has accumulated, the 
pressure attains saturation. All the time, however, this hydrate 

passing over into its stable crystalline form, in contact with which 
the vapour exists at a smaller pressure. There will obviously be 
a time when the amounts of Ra and R |3 are so adjusted that the 
pressure attains a maximum. Further dehydration leads to a 
falling, but ultimately steady, pressure, because the latter is now 
determined principally by the large surface of in comparison 
vith which the newly-formed Ra is negligible. The presence of 
the ha shows itself, however, in the somewhat larger value of the 
steady dynamic pressure as compared with the static or tensimetric 
pressure, where the system has been left for a time which allows 
the whole of the to pass into stable Rp. 

The strict mathematical treatment of the system, which resembles 
that of motion in some dynamical systems, is without interest 
ill this case, on account of the complications introduced by the 
e.Nprritnental method; the results could show nothing beyond what 
has just been stated, and the discussion is omitted here. It may 
he observed, however, that a treatment of somewhat simpler systems 
than the present, such as occur, for example, in the “ ageing ” of 
deposited catalytic surfaces, would present points of interest, and 
this will probably form the subject of a later communication. 

Measurements of the tensimetric pressure of racemic acid hydrate, 
and of some thermal magnitudes, are also in progress, with a view 
to comparison of the results with Kernst’s new theory. 


Summonj. 

(1) xV method of measuring the pressure of water vapour in 
contact with a salt hydrate has been elaborated. The weight of 
water lost by the hydrate in a current of air is compared with that 
lost by pure water, in a special apparatus. 

('i) The results with copper sulphate pent ah yd rate, barium 
chloride dihydrate, and racemic acid hydrate show that the initial 
pressures are very small, but with increasing dehydration the 
pressure rises, attains a maximum, and then fails to a steady value 
which is slightly higher than the value obtained by tensimetric 
(static) methods. 

(3) These results are shown to be in accordance with the view 
that the first product of dehydration is an unstable, probably 
amorphous, lower hydrate or anhydrous salt, which slowly passes 
mto a stable, crystalline form. They exclude the explanation 
stiggested by Tammann that the somewhat higher value of the 
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dynamic pressure is due to saturated solution adsorbed on 
solid salt. 

In conclusion, I desire to thank Dr. Lapworth for the interest 
he has shown during the course of the work. 

Chkmical Depatitment, 

UXIVER-SITY OF MANCHESTER. 


LVIII . — Studies in the Camphane Series. Part XXIX. 
A New Flienylhydrazone of Camphor qmmm. 

By Martin Onslow Forster and Adolf Zimmrrli. 

Camphorqutnonephenylhydkazone was first described by Claisen 
and Bishop {Hitzungsher. K. Bayer. Akad.^ 1890, 460, 478). 
They prepared it from hydroxymcthylenecamphor and benzene- 
diazoniuni chloride, whilst Claisen and Manasse {Annahn, 1893, 
274 , 87) utilised it in their characterisation of camphorquinone, 
which they subjected to condensation with phenylhydrazine. 
Betti {Ber.^ 1S99, 32, 1995), who produced it by the action of 
benzenediazonium chloride on sodium camphorcarboxylate, claimed 
to recognise an enolic form of the substance, answering to the ferric 
chloride test and melting at 180°, in addition to a ketonic form 
which melted at 155° and did not develop colour with ferric 
chloride, whilst a third material, giving colour with ferric chloride, 
melted at 165°, and w^as regarded by Betti as a “ keto-enolmisch- 
form.’’ Lapworth and Llaiin, wdio were the first to draw attention 
to the mutarotation displayed by solutions of the plienylhydrazone 
(Trans., 1902, 81 , 1514), threw doubt on the separate existence of 
any but the substance of highest melting point, agreeing, however, 
with Betti’s conclusion that it probably represents the pure enolic 
C’N’N’C H 

form, undergoes incomplete trails' 

formation into a kctonic modification when dissolved, as indicated 
by the alteration in optical activity. These views were not 
accepted by Armstrong and Robertson (Trans., 1905,^ 87 , 1272)) 
who suggested that the derivative of high melting point is to e 
represented by the formula (I), and that on dissolution in benzene 




C—NH 

I ! 1 


c N-cyr, 
\/ 


(ID 


O 

(I-). 
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it is changed, to the extent of about 10 per cent., into the isomeric 
substance (II) * last-named investigators, however, did not 
adduce any chemical evidence for their conclusions, which were 
based on convictions as to relation between structure and such 
optical properties as colour and rotatory power. Two years later, 
Baly, Tuck, Marsden, and Gazdar were led from a study of 
abscrptiou spectra to regard the phenylhydrazono and ^-bromo- 
phcuylhydrazone of camphorquinone as having the conventional 
ketonic formula in neutral solutions, recognising a modification of 
this structure in presence of sodium ethoxide (Trans., 1907 91 
1572) ; they were not able to find any speclrochcmical support for 
dittcrcnce in type of structure between the diphenylhydrazone and^ 
other condensation products of camphorquinone, such as Armstrong 
and Robertson believed they had brought to light. A few months^ 
ago Auveers recorded attempts to recognise an isomeric form of 
the phenylhydrazone; these led consistently to the isolation of one 
inodilicatioii only, '' die alle Kennzciclieii cincr einhcitlicheu 
Substaiiz aufwies'’ [A nnalm, 1910, 378, 245), and regarded by 
the author as a conventional phenylhydrazone. 

We have recendy described experiments dcaliiig ^vith the action 
of hydrazine, semicarb azide, and phenylcarbamylhydrazide on 
camphorquinone, which, in our opinion, point to the existence of 
dcrcoisomcrism among the products, similar in nature to that pre- 
vailing among oximes as represented by the Ilantzsch-AVerner 
hypothesis (Trans., 1910, 97 , 2156). The conclusion was based on 
the discovery of two isomeric hydrazones, which were not only 
directly convertible into diazocamphor by oxidation, but which also 
arose from that substance by mild reduction. The absence of any 
grounds, stereochemical or otherwise, for representing the hydrazine 
residue in these derivatives as belonging to the cyclic type; 




■v< 

CO 


XR 

I 

NH’ 


?eemcd to point unmistakably to stereoisomerism of the above- 
racnlioned character, and to stamp these isomeric substances as 
^uventmual hydrazones with azetlieuoid linking. In these circurn- 
dances, it appeared to us possible that a more careful search for 
-he missing phenylhydrazone would bring this substance to light, 
would show that it is allied to the existing compound by a 
^elatmiiship similar to that which connects the two hydrazones. 

ns inquiry has resulted in the isolation of such an isomcride, 
■'101 ve propose to call the 0-phenylhydrazonc, referring to the 
JO er uown derivative as the a-phenylhydrazone. 

^f^i'qnrnoneS-jihen is a bright yellow, crystalline 

•!> ancf., melting at 36°, and having [aj^ 375^ in an alcoholic solu- 
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tion of 1 per cent. It is very much more freely soluble than i- 
a-modifica.tion, and is slightly volatile in steam. It is produced^'^ 
association with the less fusible compound when camphorqninc,^'^ 
undergoes condensation with phenylhydrazine, but as thecquili|)j.i ^ 
is being continuatly disturbed by the separation of sparinglv solnff 
solid, the proportion obtained in this way is very small. \ 
convenient source is tho a-phenylhydrazone itself, which yiel^^ 
about 90 per cent, when the temperatiire of the fused substance:' 
raised to 210°, the ^-phenylhydrazonc being separated from 
resulting mixture by distillation in steam or by extraction with 
small proportion of cold petroleum. When heated, eitlier alone 
or in alcoholic solution, it is transformed into an eqihlibrimp 
mixture with the a-modification ; by following this change in the 
polar imeter, it is possible to show that the same proportion of the 
two isomerides constitutes this mixture, whether the material 
originally dissolved is the a- or the jS-modification. 


Thus, in all respects, the new phenylhydrazone fits into the t^ap 
in the series of condensation products from camphorquinone and 
hydrazine, semicarbazide, pheuylcarbamylhydrazide, and pheiivl- 
hydrazine, as shown in the following table: 


a-Scri(:S. 


Derivative. 

p. 

k]..- 

M. p. 

['tb, 

Hydrazoiic 

20(3= 


102^ 

231" 

Acetyl livdrnzoiie 

239 

265 

150 

224 

Semicarbazone 

2:36 

278 

147 

201 

Pheii vlcarbuni y 1 li y drazus.c 

211 

229 

IGl 

192 

rhenylhydrazoiie 

190 

431 

36 

375 


The regularity in declension of melting point and specific rotatorv 
power on passing from the a- to the j8-series is so marked as to 
suggest that the relationship which connects the members of a pair 
is the same in each case, and thus the argument for regarding tie 
two phenylhydrazones as stereoisomeric seems a strong one, provided 
this view of the hydrazones themselves can be accepted. There 
one point, however, in which tho phenylhydrazones differ from 
their prototypes. WhiLst these of the a-sen’es are colourless in 
distinction from the pale yellow colour of their jS-modificalions, 
the a-phenylhydrazone has approximately the same tint as the 
i8-hydrazoTie, and the jS-phenylliydrazone is bright yellow. tVe are 
aware that Armstrong and Robertson believe the a-phenylhydrazoiie 
to bo colourless, hut they are the only chemists who have made 
this claim, and it is by no means clear that they ever produced 
it in this condition, the nearest recorded approach being a specimen 
described by Robertson (Trans,, 1905, 87 , 1298) as all but white 
under benzene, becoming very pale yellow on drying. R 
not seem to us improbable, however, that the a-phenylhydrazone 



studies IX the cam PH axe SEIUES. part XXIX. 4, SI 


shouM be faintly coloured, even though the parent hydrazone is 
colour:e5?, as the effect might be reasonably expected from the 
pheiivl group, which undoubtedly exerts an auxocbromic influence 
when replacing hydrogen in the /3diydrazone. 

To the arguments brought against possible differences in structuro 
between members of the two series, we have nothing to add to our 
previous communication, excepting that there is not the slightest 
around for regarding the ^-phenylhydrazone as an enolic form of 
lue- less soluble modification ; moreover, tliis opening seems to have 
l,eoi] cifociiially closed by Baly, Tuck, Marsden, and Gazdar. 
furthenuore, it is no longer proper to speak of stable and labile 
;fonus of camphorquinonephenylhydrazoncj both arc stable in the 
solid phase, both are labile when dissolved. It is necessary, also, 
ito correct a misconception as to t.lie mutarotation of the a-phenyl- 
'hvdrazone in alcohol, which Lap worth and Barm regarded as takini^ 
iplace so rapidly that the specific rotatory power I'eaches its final 
lvalue before an observation can be made. As a consequence of 
our experiments, it appears more probable that at this stage the 
mutarotation has not begun, because the rotatory power is rapidly 
diminished on heating, and arrives finally at a point approximately 
the same as that to which the rotatory jiower of the /S-phenvl- 
hydrazoTte may be raised by similar treatment. Another mis- 
iiiKlci'standing, embodied in Robertson's conclusion that “ the labile 
form has practically no rotatory power/' is also removed, and 
carries with it whatever support that deduction may be regarded 
as giving to the views of Armstrong and Robertson concerning the 
constitution of the condensation products of camphorquinone. It 
appears to us, in fact, that the whole case for regarding camphor- 
ciiiinonephenylhydrazone as structurally abnormal is undermined. 
The basis of the argument was the low molecular rotatory ])ower 
(U'i ) of the diphenylhvdrazonc, 



when compared with those (2200® and 2L10®) of tlie phenylbcnzvl- 
hvdiazone and phenylmpthylliydrazoiie, represented iiy Armstrong 
and Robertson as: 


RH 


p/N-RB. 

.<Rn- 

^ CO 


CH/C IL, 


and 




respectively, coupled with the deep yellow colour of the first-named 
su staime as compared with the '‘colourless" and "almost colour- 
appeaiance of the others. The intermediate molecular 
rotatoi'y power (850°) of the phenylbydrazone, which they also 
P'icribe as colourless, led them to represent it bv a third tvpe of 
VOL XCiX. ^ ^ ^ 
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formula, CjIIn<jJ iJi-q ^ believing tbat in 

V “ ' 

0 


solution about, onc-tentli of this substance is converted info 
metanierido having little, if any, optical activity/' they re?aj] 
this hypothetical product as being similar in type to the 
benzylhydrazone and phenylmethylhydrazone, but in order \- 
explain the supposed absence of optical activity, they place tlif 


phenyl group in the alternative position, 




It is difficult to lake these speculations seriously, since not one 
shred of chemical evidence has been brought forward in support 
of tliem, and they appear to us especially untrustworthy now ttat 
the substance which Armstrong and Robertson, without Iiaviu.v 
isolated it, described as colourless and inactive, proves, when 
isolated, to be bright yellow and possessed of specific molecular 
rotation 948° in benzene solution. The scheme adopted in dealin^r 
with the hydrazunes, semicarbazones, and phcnylcarbamv]'- 
hydrazones, on the other band, -would classify the a- and j8-phenvl- 
liydrazones as anii- and ^tyn-carbonylic respectively; 


,C=N 

aT'lK'nvlhyJia;foiit“. 


's 1«<C0NH'C,H- 

^S-Plienylliydiazone. 


and the comparatively strong colour of the i8-phenylliydrazoiic 
would then find its explanation in the concentration of unsaturated 
atoms prevailing in the 67 /;z-configuratiou. 

Concurrently with these experiments, we have studied the thio 
semicarbazone and pbenyltbiocarbamylhydrazone of cainphor- 
quinone, and find Ibat’ it is not possible in eitlier case to isolate 
more than one modification. When condensation takes place 
between the diketone and thioscmicarbazide, the a- and j3miodifr 
cations are certainly produced, but the facility with which die 
latter is transformed into the thiotriazine by loss of w’ater precludes 
its isolation ; thus the case of the tliiosemicarbazones resembles th^t 
of the benzil'ictnicarbazones, of which one modification only is 
known, the substance supposed originally to be the isomeride having 
been shown by Biitz and Arad 1902, 35, 344) to consist of 

tlie dipbeiiyloxytriazine. The properties of the a-thiosemicarbazone, 
which dissolves in alkali without undergoing change, agree with 
what might be expected from the replacement of oxygen by sulphur 
in the o-semicarbazone. 
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\s rec^ards the thiotriazine produced by the intramolecular con- 
clensatioii of the jS-tbiosemicarbazone, 


^s^u'^r 


N 

C NH 




N 

C NH 



there is reason to believe that the torcgoing representation is less 
applicable to the sulphur compound than is the corresponding 
joriiiula to the oxytriazine. Tlie behaviour of the silver salt, which 
lo'ps silver sulphide by the action of boiling water, seems to indicate 
the alternative expression for the thiotriazine, that, namely, con* 
t.'iining the NiC-SH group. Some dilTerence in type of structure 
belweeii the oxytriazine and the thiotriazine would appear also 
to be indicated by the fact that, whilst the exchange of oxygen for 
viil])hur in the semicarbazone and pbenylcarbamylliydrazone is 
attended with elevation of specilic rotatory power, amounting to 
and 30° respectively, the thiotriazine has [aj^, -73‘3°, as 
eoinpared with [aj^^ 22 ‘6° observed for the osytriazine. 

The expectation that the action of phenyltbiocarbimide on the 
a- and jS-hydrazones wonkl lead to phenylthiocarljainylbydrazones 
corresponding with the plienylcarbaniylhydrazones described in our 
jH’cvious comTMunication has not been fulfilled, the product from 
both hydrazones being tlie same. 


Experimental. 


77 / f 1^0 rn e ric Ca ni'ph orqu i n o n (ph e ni/IIi yd mzon c$, 




CiN-NHdVH. 

CO 


In order to avoid the possibility of transformation being effected 
by the acetic acid which is free in the nsual method of producing 
plienylliydrazoues, the diketone and the base were allowed to 
undergo condensation in ethereal solution. The plicnylhydrazine 
was first purified by Fischer's method, namely, crystallisation from 
chilled ether, which yields it in the form of a grey, silvery powder, 
remaining dry at temperatures below- 20°. About 60 grams of 
camphorquinone w’ere dissolved in 250 c.c. of warm ether, to wdiicli 
was added tlie calculated amount of phenylhydrazine diluted with 
50 c.c. of the solvent. The action wdiich immediately set in was 
moderated by cooling, and after an interval of sixteen hours the 
hard, crystalline ma^a was collected, and the mother liquor allowed 
to evaporate without being heated, depositing a further crop of 
crystals embedded in a deep yellow oil. In our earlier experiments, 

K K 2 



4S4 


FORSTER AND ZIMMERLI : 


the oil was suhinitted to distillation in steam, because this treaty 
was found to separate the jS-phenylhydrazone .effectively 
less volatile isomeride, but the process is a tedious one, abov' 
twelve hours being occupied by the passage of 5 grains, 
sequence of this, later procedure consisted in extracting the xesidul 
with small quantities of cold petroleum, which leaves most of tb 
a-phenylhydrazone undissolved, and, on evaporation, yields tlit. 
jS-phenylhydrazone as a yellow, viscous mass containing a smal 
proportion of the isomeride. The quantities of crude iiiateiiaij 
obtained in this fashion correspond with 85 per cent, of tie 
a-rompound, and 10 per cent, of the isomeric substance. 

Purification of the ct-phenylhydrazone was effected by rapid 
successive crystallisations from hob benzene or alcohol, anti troiibb 
has been taken to procure a colourless specimen; this, hovevtr 
could not be accomplished, even by working throughout in arlificiai 
light. Animal charcoal has no influence on the colour of good 
speciineiis, and the device employed for decolorising benzenediazo- 
i/^-semicarbazinocamphor (Trans., 1906, 89 , 229), namely, addition 
of zinc dust to a cold solution in glacial acetic acid, was without 
influence on the colour of the solution. It is our opinion therefore 
that camphorquinone-a-phenylhydrazone is coloured, and in it; 
palest forms, derived by precipitation with water from an alcoholic 
solution, the shade of yellow is faintly green, very similar, in fact, 
to that of camphorquinone-jS-hydrazone described in our paper 
already quoted. It should be noted, however, that the appearance 
of the a-pheiiylhydrazone depends largely on the compactness of the 
mass observed ; thus crystals which have separated from a solution 
in petroleum appear less coloured than those from alcohol until 
withdrawm from tlie liquid, because the amount dissolved is very 
small, and the deposit is comparatively bulky. 

The want of agreement between the melting points recorded hv 
various chemists who have worked with this substance is explained 
by the facility with which transformation into the more fusible 
isomeride takes place. The temperatures are, in chronological order, 
170—171'^ (Claisen and Manasse), 180^ (Betti), 180 — 181° (Lap- 
worth and TTann), 180° (Robertson), and 178 — 180°, occasiona'iy 
183° (Auwefs). Some years ago, a specimen obtained by one of ns 
as a by-product of the interaction of aa-bromonitrocaniphor and 
phenylhydrazine (Trans., 1902, 81 , 869) was stated to melt at any 
temperature between 183° and 190° according to the rate of 
heating, and this rrbservation w’e are able to confirm; if tlie sub- 
stance is not absolutely dry, or if the temperature is raised very 
slowly, the conversion into the jS-phenvlbydrazone makes 
headway to furnish, locally, a solvent for the less fusible forni) so 
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tiiat under these conditions one is taking the melting point of the 
fl-conipouud mixed with its solution in the j8-modifi cation. If the 
..niiied a-phenylhydrazone is plunged into a bath at 175—180°, 
Ih’ temperature may be raised slowly to 190° before fusion is 

complt^te. 

The. specific rotatory power of our specimen in absolute alcohol 
ua- somewhat lower than that recorded by liapworth, being 
al 431° in 1 per cent, solution (by volume); the corresponding 
[nriircs for pyridine and nitrobenzene were 435-5° and 453-9° 
jcspcctively. 

p/m ;■(////« 0 30 «c.— Suggested by the relative 
volatility of the isomeric camphorquinonehydrazoncs, our first 
•it tempts to prepare the missing jB-phenylhydrazone consisted in 
heating the a-phenylhydrazonc at its melting point during several 
iiiiuutcs, and then passing a current of steam through the gummy 
product, when there slowly distilled a yellow oil which was extracted 
with ether and, after drying, allowed to remain in the vacuum 
desiccator until solid. More convenient procedure, however, con- 
sists in heating the a-phenylhydrazone in quantities of about 10 
;:rams until all has melted, and the temperature of the bath has 
readied 210°, when the cooled product is extracted with a small 
quantity of light petroleum, filtered from about 8 per cent, of the 
a-phenylliYdrazone, and the solvent evaporated without being heated. 
On stirring the viscous residue, it solidifies very rapidly, especially 
if i,own with a few crystals of the substance. The hard, crvstalline 
jjlicnylhydrazone melts at 36°, and has been crystallised from 
dulled light petroleum or from diluted alcohol without undergoing 
alteration of melting point or of optical activity: 

(r4510gave 1-2361 COo and O'SIS? ILO. 0~-74‘75; H - 7-91. 

0'2375 j, 22*4 c.c. No at 18° and 757 inin. N — lOho. 

requires 75-00; 7 81 ; N = 10-93 per cent. 

The most convenient way to purify the new phenyl hydrazone is 
la dissolve 10 grams in about 100 c.c. of alcohol, add 15 c.c. of 
water, and then cool the solution to the neighbourhood of ~ 15°, 
when vigorous stirring brings about the separation of half the 
material in minute, yellow crystals ; by slow separation from the 
mother liquor, these take the form of lustrous, transparent, six- 
sided plates. The colour of the dry substance is much deeper than 
that of the a-phenylhydrazone, approximating more to that of 
camphorquinone itself ; its solubility is very much greater, 10 grams 
being dissolved readily by 5 grams of petroleum (b. p. 40 — 50°), 
or by 10 c.c. of cold absolute alcohol. Solutions of the jS-plienyl- 
hydrazone are much brighter yellow than those of tho isomeride 
except in the case of nitrobenzene, where this comparison is inverted. 
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The melting point is not depressed by admixture with the a nt 
hydrazone, and if equal quantities of the two substances are 
the temperature may be raised to about 170® before fus^or'’ 
complete ; in this respect therefore the behaviour of the two 
hydrazones resembles that of the hydrazones and their ott 
derivatives, and also that of the two modifications of iV^nitref-'' 
camphor. 

The specific rotatory power of the jS-phenylhydrazonc when d's 
solved in alcohol has been determined with many different specimen^ 
prepared both by distillation in steam and by extraction with 
petroleum ; the uniformity of this constant at [a]j, 375® for a 1 ppj 
cent, solution (by volume) establishes the individuality of the new 
isomeride. In benzene, pyridine, and nitrobenzene, the respective 
constants are 369' 5°, 395-5°, and 420-5°. Addition of ethereal 
ferric chloride to solutions of the phenylhydrazones does not give the 
least justification for regarding either as an enolic modification of 
the other. 

Ifiterconversion of the Isomeric PhenyJhydrazones, 

As already stated, the a-phenylhydrazonc is rapidly converted 
into the jS-modification when fused ; the converse change is brouglit 
about by carrying the temperature of liquefied jS-phcnylliydrazonc- 
•to the melting point of the less fusible form, and the proportion of 
isomerides in tlie resulting mixture is independent of the identity 
of the initial material. The composition of the mixture depends 
on the temperature at which the transformation is effected, and the 
foregoing conditions, being more favourable to the existence of 
the jS-modification, do not illustrate in the most satisfactory manner 
the conversion of this form into the a-isomeride, the percentage of 
which does not exceed 10 per cent. If alcoholic solutions of the 
two phenvihydrazones are separately boiled under reflux during five 
hours, however, the proportion of the a-derivative in the resulting 
equilibrium mixture is raised to nearly 40 per cent., which, in view 
of the sparing solubility of the material, may be recognised without 
difliculty. 

In order to place the intercoiiversion of the isomeric plieiiyl- 
hydrazoiies upon a quantitative basis, a series of polariinetnc 
observations has been made with solutions containing one grani 
of each modification in 100 c.c. of absolute alcohol, these being 
separately heated at 63° during a period of twelve hours. The 
initial rotation having been recorded, each solution was distributed 
among a number of similar tubes ; these were withdrawn at suitable 
intervals and cooled to the original temperature (16°) as rapidly as 
possible, the contents being transferred to the iustrument in ^ 
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3.dcm. without delay. The 

obtained : 

a-Phenylhydrazone. 

following readings were thus 

;3-Phenylhydra2oiK>, 

Time 


Weight 



Weight 


111 

Minutes. 

Cu- 

trails formed. 

Xlj -f- 4*2 ■ 

ar>. 

transformed. 

ly'rK. 


1'2'50' 

— 

— 

11 15' 

— 

— 

30 

60 

90 

1'20 

1^0 

12 46 

0'0990 

0-0026 

11 20-5 

0-0544 

0-0021 

12 37 '5 

OT832 

0-0C27 

11 25-5 

0-1040 

0 0021 

12 29 

0'2674 

0-0029 

11 29-5 

0-1435 

0-0021 

12 23 

0'3’268 

0-0029 

11 33 

0-1782 

0-0021 

12 15 

0-4060 

0-0028 

11 40 

0-2475 

0-0023 

oGO 

12 3 

0-5248 

0-0026 

11 50 

0-3465 

0-0023 

4S0 

"20 

11 o9'5 

0-5590 

0-0026 

11 51-5 

0-3614 

0-0020 

11 57 

0-5851 

0 0025 

11 55 

0-3961 

0-0022 

CO 

11 56 

0-5940 

Jleaii 

0-0027 

11 56 

0-4060 

Mean 

0-00215 


In the foregoing table the figures recorded in the columns headed 
are calculated from the equation: 


where Iq and A'o the velocity-constants of the isomeric change in 
the two directions, and ^ ,and are the observed rotations 

initially, finally, and at time t respectively. This is the relation 
employed by Krister, Trey, Lowry, Hudson, Tubandt, and others 
in dealing with problems of similar character, and it will be noticed 
that whilst the values for agree among themselves for the 

same phenylhydrazone, they are not identical for the two phenyl- 
hvdrazones. Although this disagreement should not occur, other 
workers have encountered the same peculiarity, sometimes in a more 
pronounced form, and it is probably due to some disturbing influence 
affecting the first few' observations ; this view is confirmed by 
calculations based on the later readings only, when is nearly 

the same for both directions. 

These results are embodied in the curves on p. 488, 


The. Cawpliorqu inoneth ioumicarhazorieSj 
HIN-NH-CS-NH,, 
C*H„<:o 


Thiosernicarb azide dissolved in 5 parts of boiling water wms 
added to one molecular proportion of camphorquinone in 3 parts 
of hot acetic acid, when the yellow colour disappeared, action being 
complete after fifteen minutes under reflux ] diluting the cold liquid 
with water precipitated an oil which rapidly crystallised, the yield 
being 95 per cent, of that required by theory. On recrystallisation 
from water or carbon disulphide, the appearance of pale yellow 
prisms, having ill-deflned faceSj and melting indefinitely at 
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122—137°, suggested the occurrence of mixed crystals containing 
both forms, and this was coulirmed by the failure of repeat^ 
crystallisation from other solvents, such as benzene, ethyl acetatC' 
chloroform, and glacial acetic acid, to yield a definite product. 
On dissolving the crystals in alcohol, however, and scratching the 
sides of the vessel, there separated the a-tMosemicarhazone in 
colourless, lustrous crystals, containing 1 mol. C 2 HgO, and the same 
material arose on evaporating the mother liquor on the waterhath 
or in the vacuum desiccator, so that the ^-thiosemicarbazone could 
not be isolated : 

0'49fi8 lost 0'0794 during half an hour at 120°. Loss = lo‘98, 
i- C.,HcO requires CbH.P - Ifi'H per cent. 



lat<r“<utrrsiim of the 1 ccd. solviiv 

Upper curve ; a-Vkoiiylh^l'Inron', LuwtT curve : ^^Phcnylhydi-ajjr>. 


The substance, when free from alcohol, is very pale greemsh 
yellow, and melts at 174° : 

0-1290 gave 19'8 c.c. N. at 19° and 757 ram, N = 17’36. 

0-2679 ,, 0-2n93 BaSO^. 8 = 13-29. 

requires X = 17-57; S = 13‘39 per cent. 

Camphorquinone-ct-thiosemicarbazone is readily soluble in variu 
alcohol, benzene, or cliloroform, but is insoluble in petroleum. 
Alkali hydroxides readily form orange-yellow solutions, ^ / 
carbon dioxide precipitates the substance unchanged, ' 

also in hot sodiimi carbonate, and crystallises as the iiq^i 
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,.(v|itiiiued heating of a solution in alkali hydroxide gives rise to 
'■iiiiphor. A 1 per cent, solution (by volume) in chloroform gave 
in a 3-dcm. tube, whence [a]j^ 314‘4°. 

' Transformation of the a-thiosemicarbazone into the j8-modificatxon 
j place when the substance is healed at the melting point, 
bcin^ followed by removal of water and consequent production of 
the t\iotriazinej it has not been possible therefore to produce the 
jS-i hiosemicarbazone by the process which was applied to the 
jS plienylhydrazonc. Nor could the second isomeride be separated 
bv alkalis, as in the case of semicarbazones themselves, because when 
a* mixture of the a- and /S-tliiosemicarbazones is treated with these 
aumts, the j8-modification is transformed so rapidly into the thio- 
triazine that there is no opportunity to separate it from the 
fl-isomeride, which, however, is not convertible into the thiotriazine. 


C amp/ianelhio triaz ine, Cg H ^ 


t 1 1 

c:n-c-sh' 


The most convenient source of the thiotriazine is the crude 
product of condensation between camphorquinone and thiosemi- 
uarbazide, which contains approximately 50 per cent, of the j3-thio- 
semicarbazone j on dissolving this mixture in alkali hydroxide and 
saturating the solution with carbon dioxide, the a-thiosemicarbazone 
is precipitated, whilst the filtrate yields the thiotriazine on acidifi- 
cation with dilute hydrochloric acid. When recrystallised from 
alcohol, it forms fern-like aggregates of lustrous, yellow prisms, 
melting at 207° ; 

UTG73 gave 0'1763 BaSO^. S — IT’^G. 

Ci^Hj^^N;.S requires per cent. 

The thiotriazine dissolves readily in hot methyl and ethyl 
alcohols, benzene, chloroform, pyridine, or ether, but only sparingly 
in hot petroleum or water ; it is soluble in alkali hydroxides, alkali 
carbonates, and ammonia, but is insoluble in dilute acids. A 1 per 
cent, solution (by volume) in chloroform gave cty^ in the 

o dcin. tube, whence [a]^„ — 73‘3°. 

Derivatives of the thiotriazine with heavy metals are produced 
very easily. Mercuric chloride gives a voluminous, white pre- 
cipitate, which dissolves in hob water, and separates in slender, 
colourless needles on cooling; silver nitrate and copper acetate give 
pale yellow and green precipitates respectively. 

Cofive}'sio?i into Camphaiieoxytriazine . — An attempt to replace 
sulphur by heating the thiotriazine with water and mercuric oxide 
was unsuccessful; the yellow colour disappeared, but the filtered 
liquid deposited crystals of the above-mentioned mercury salt. On 
adding a solution of aminoniacal silver oxide which contained only 
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just sufficient ammonia to a solution of the thiotriazine (i 
in hot water (200 c.c.), however, the pale yellow silver derivatiy* 
gradually became dark on further heating, and ultimately chan 
into a black, granular mass of silver sulphide; after four hou^ 
under reflux, the filtered liquid was saturated with sodium chloride 
and extracted with ether, which deposited the oxytriaziue. 


The acetyl derivative of the oxytriazine w^as obtained from the 
thiotriazine by heating it with acetic anhydride under reflux diirin^/ 
one hour. ^ 


Cam'pliorquinonefhenyUhiocarhamylhydrazont^ 

c:n-nh-cS'Nh-c,h, 

The same derivative was obtained alike by heating the a^hydrazone 
with the calculated amount of phony Ithiocarbimide in alcohol under 
reflux during three hours, and by action of the thiocarbimide on 
tlie /8-hydrazaue in benzene during twenty-four hours at the 
laboratory temperature. Recrystallisation from hot benzene gave 
small, lustrous, pale yellow leaflets, melting at 184°: 

O'ODSSgave ll’o c.c. No at 18° and 764 mm. N = 13-52. 

0-2916 ' „ 0-2184 BaS04. S- 10-05. 

C^^HoiONsS requires N — 13-39; S — 10'16 per cent. 

The substance dissolves somewhat readily in hot alcohol, benzene, 
chloroform, or ethyl acetate, but is insoluble in petroleum; a solutioD 
in hot sodium hydroxide is deep yellow. The 1 per cent, solution 
(b}^ volume) in chloroform gave a-^ 7°47^ in the 3-dcm. tube, whence 
[a]jj 259-4°. An attempt to produce it by heating camphorquinoue- 
thiosemicarbazone with aniline was not successful. 

Royac College of Sciexce, Loxdox, 

Sorrii Kexsin'gto.x, S.W. 


LIX. — Constitii.ents of Withania somnifenL 

By Frederick Belding Power and Arthur IIenky Salway. 

The plant ^Vit]i(ln^a mmnlfera, Dunal (Nat. ord, Solanaceae), occurs 
in South Africa, where it is found in gardens and waste places, ard 
is known under the Kaffir name of uhii-Vumha. It is also a native 
of the west coast of India, and is said to be common along tho shores 
of the f^rediterranean. The plant is described in De Caiulolles 
Frodromus^ Vol. 13, Part I,’ p. 453, and has been recorded by 
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j Medley Wood in a List of the Flora of Natal {Trans. Souih 
African Phil. Soc., 1908, 18 , Part 11, 197), while a more extended 
description of its characters and uses is given in Smith's " Con- 
tiVeution to South African Materia Medica,” pp. 145, 166, and in 
jhe • Pliarmacographia Indica," Vol. II, p. 566. Although various 
medicinal properties have been attributed to the plant, it is par- 
tl.-ularly stated to act as a sedative and hypnot ic (A mer. J. Pharm., 
1<9L 63, 77), and this action has been considered by Trebut (The 
l^i/icet, 1886, 1, 467) to be due to the presence of an alkaloid, 
u-liich was provisionally designated by liiin “ somniferine." Inasmuch 
nothing of a definite nature has been recorded respecting this 
alkaloid or the other constituents of the plant, it seemed desirable 
to subject it to a more complete examination, and the results are 
iuiiimarised at the end of this paper. 


Experimental. 

The niaterial used for the present investigation was received 
directly from South Africa, and consisted of both the root and the 
overground portion of the plant. 


I. E jcainination of the Rooi. 

A small portion of the root was tested for tlie presence of an 
alkaloid, with a positive result. 

Piftv grams of the ground material were subsequently extracted 
i!i a Soxhlct apparatus with various solvents, when the following 
aiiiouuts of extract, dried at 100^, were obtained: 


Poirolciirn (b. 
Kthcr 

(iilorofonn 
Ethyl aceUile 
Alcohol 


:)5— 40 ) 1‘Xtmcted 0 'J2 giaai -0‘44 per eont. 
„ „ ::-070 ,, ,, 

.. ,, -O-l') ,, ., 

0-:7. = 0 70 ,, 

i, ,, „ -47,0 „ 


Total d ’ 30 t:;raiu.s or O'OO po.r coiit. 

Por the purpose of a complete examination, 18’37 kilograms of 
the ground root were extracted by continuous percolation with hot 
alcohol. After the removal of the greater portion of the alcohol, 
there remained a dark-coloured, viscid extract, which amounted to 
2' 7 kilograms. 


Distillation of the Extract with Steam : Separation of an Essential 
Oil. 

The whole of the above extract was mixed with water, and the 
mixture distilled in a current of steam for several hours. The 
distillate, which contained a small amount of an essential oil, was 
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shaken with ether, the ethereal liquid being washed, dried 
the solvent removed. The essential oil thus obtained posces^ 
light brown colour, a pungent odour, and amounted to ^ 

being thus equivalent to about 0 006 per cent, of the weir^ht^'^^^''' 

N on-volatile Co7\stitU€nt& of the Extract. 

After the above-described operation, there remained in the d' 
tillalion flask a dark-coloured, aqueous liquid (A), and a ctmsidei d^' 
quantity of a black resin (R). These products were separated 
filtration, and the resin thoroughly w^ashed with water, the wa^hiic ' 
being added to the main portion of the aqueous liquid. 

Examination of the Aqueous Liquid (A). 

The aqueous liquid was concentrated under diminished pressure 
to a convenient volume, and then repeatedly extracted with ether 
A small amount (4*5 grams) of a viscid, brown oil was Unis 
removed, which, however, with the exception of traces of a Meak 
base, yielded nothing of interest. 

The aqueous liquid w^as next shaken repeatedly wdth amv! alcohol 
This solvent extracted a considerable quantity of a yellow, amor- 
phous product, which, on exposure to the atmosphere, rapidly 
absorbed moisture, and became glutinous. This yellow solid could 
not be obtained crystalline, nor could any crystalline derivative be 
prepared from it. It was not glucosidic. 

The aqueous liquid was subsequently treated with a slight excc.v 
of basic lead acetate, when a voluminous, light brown precipitate 
was obtained. The lead precipitate, which contained notlimg of 
an alkaloidal nature, was examined in the usual way, but yielded 
only indefinite substances, giving the reactions for tannin. The 
filtrate from the basic lead acetate precipitate was treated with 
hydrogen sulphide for the removal of the lead, and the rnktuic 
filtered. The concentrated filtrate was yellow in colour, and con- 
tained a considerable quantity of sugar, since it readily yielded 
d-phenylglucosazone, melting and decomposing at 21Q°. On heatin'; 
the liquid with alkali hydroxide, it developed ammonia, and ii 
also yielded precipitates with the usual alkaloid reagents, bub thes-c 
reactions were evidently due to soluble protein products, since ih 
alkaline liquid, wlien extracted with either chloroform or amyl 
alcohol, yielded nothing of a definitely alkaloidal nature. 

h'./ amt nation of the, Resin (B), 

The resin amounted to 502 grams, being thus equivalent to about 
2*7 per cent, of the weight of the root. It was digested with hot 
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a'oohol, the solution poured upon purified sawdust, atid the dried 
,ni\tiu'e extracted successively in a Soxhlet apparatus ^Yith light 
perroleunu ether, chloroform, ethyl acetate, and alcohoh 

l^efroh.ujn Extract of the Ecain. 

Tliis was a dark-coloured, soft solid, which amounted to 13S 
(jiatn?. It was heated in a reflux apparatus with an excess of an 
;iK;ohaiic solution of potassium hydroxide, the greater portion of the 
alcohol then removed, water added, and the alkaline mixture 
eNtracted with ether. On evaporating the solvent, a quantity (37 
ifiniiis) of a brown, viscid product was obtained, wdiicli was found 
t(^ contain some basic substance. Tt was therefore re-dissolved in 
fiber, and the ethereal solution shaken with dilute hydrochloric 
acid. The acid liquid was then carefully neutralised with sodium 
oarbonate, when a colourless precipitate, amounting to about O'l 
L'lam. was deposited. This substance, wdien recrvstallised from 
(lilule alcohol, separated in colourless, glistening leaflets, melting at 
IKr, and was found to be identical with the base, sub- 

sequently to be described in connexion with the examination of the 
ether extract of the resin. As will be shown later, it is probable 
lliat the above compound is not originally present in the resin, 
but was formed from an alkaloidal constituent by the treatment with 
alcoholic potassium hydroxide. 

iMiladon of If e.n( riacoulant; , (UhJ a Ph iifnaterol, 

The ethereal solution, which had been shaken witli hydroclilcric 
acid for the removal of the base, as described above, was washed, 
dried, and the solvent evaporated. The residue was then frac- 
tionally crystallised from a mixture of ethyl acetate and alcohol. 
The more sparingly soluble deposits, when crystallised from ethvl 
acetate, were obtained in glistening leaflets, rnelting at 67 — 68°, and 
proved to be hentriacontane. (Found, C = 85’2; H=-14’5. Calc., 
C-8o'3; H-14’7 per cent.) 

After the removal of the greater part of the hentriacontane in 
the above fractionation, the mother liquors gradually deposited a 
small quantity of a substance in flat plates. This was purified by 
recrystallisation from ethyl acetate, and it then melted at 
135—136°: 

<‘*•1113* gave 0'3420 CO. and 0T202 IFO. C = 83’8; H = 12'0. 

^ 27^460 requires C=^83'9j H^ll'9 per cent. 

This substance was evidently a phytosterol, and it gave the colour 
reaction of that class of compounds. 

* Anhytirons siiKstance. 
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The Fatty Acids^ 

lsolaiio7i of C erotic Acid, C25H52O2. 

The alkaline, aqueous solution of potassium salts, which had been 
extracted with ether for the removal of the unsaponifiable materia! 
as above described, was acidified with sulphuric acid, and extracted 
with ether. On evaporating the ethereal solution, it yielded 15 
grams of a dark green, soft solid, which evidently contained a con- 
siderable amount of resinous matter. The latter was separated W 
washing with petroleum, in which the resin was insoluble. TW 
mixed fatty acids obtained from the petroleum washings ^cere 
converted into their methyl esters, and the latter distilled uiidci- 
diminished pressure. Two fractions were collected, the one distillinfr 
at 205 — 230^/28 mm., and the other above 230°/28 mrn. The latter 
fraction, consisting of a wax-like solid, yielded, on hydrolysis, an 
acid which, on recrystallisation from alcohol, separated in clusters 
of colourless leaflets, melting at 71 — 72°, and was identilicd as 
cerotic acid (Found, C- 78'7; II = 13'2. Calc., C"78‘8; 
per cent,), the somewhat low melting point being probably due to 
a slight impurity. 

The above-mentioned fraction, which distilled at 205—230"/ 
28 mm., contained a considerable proportion of unsaturated esters. 
The entire fraction was therefore hydrolysed, and the resulting latty 
acids separated by means of their lead salts into sat mated ami 
unsaturated portions. The saturated acids, amounting to 5 ‘5 grams, 
were crystaUised from alcohol, and thus separated into two fractions 
of different soluhilities. Each of these fractious melted at 52— 54^ 
hut tlicv possessed neutralisation values of 210 and 201 respectively, 
and it was thus evident that the saturated acids consisted of a 
mixture of palmitic and stearic acids. 

The unsaturated acids, which amounted to 4‘8 grams, were dis- 
tilled under diminished pressure, when they passed over at 
220— 240°/ 20 mm. An analysis and a determination of the iodine 
value gave the following results; 

0T391 gave 0-3916 CO. and 0'1462 im C = 76-8; H-lH. 

O’lTll absorbed 0'2260 iodine. Iodine value = 13‘2T. 

CjsIIsA requires C = 76'6j H-12T per cent. Iodine value ==90-l. 
CiXA >> C = 77T;H-li'4 „ Iodine value =lbH. 

These results indicate that the unsaturated acids consisted of a 
mixture of oleic and liiiolic acids in approximately equal pro- 
portions. 
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Ethereal Extract of the Uesin. 

Isolation of Ipuranol, 2(011)2. 

The etlier extract of the resin was a black, brittle solid, amounting 
crrams. It was digested with a la-rge volume of ether, when 
iioiU 4 f^rams of alight green, solid substance remained imdissolved. 
The latter was collected, and purified Ity several crystallisations 
from pyridine containing a little water, when it was obtained in 
colourless, microscopic needles, melting and decomposing at 

090—300° : 

0-U03 gave 0-2929 COg and 0*1021 H,0. C^- T2'4,; 11 = 10-3. 

Cf, 3 H 4 o 04 requires C = 72-G ; H = 10‘5 per cent. 

IV lien the substance w^as dissolved iu chloroform with a little 
acetic anhydride, and a drop of concentraled snlpliuric acid sub- 
sequently added, a transient pink colour, changing to blue and then 
(o ^^reeii, was produced. The compound also yielded an acetyl 
derivative, melting at 164 — 165°, and it was thus definitely 
kleiititicd as ipuranol. 

The ethereal solution from which the sparingly soluble ipuranol 
had been removed, as above described, w'as extracted successively 
with aqueous ammonium carbonate, sodium carbonate, and sodium 
livdroxidc. These extracts, however, on acidification, yielded only 
resinous material. On evaporating the greater portion of the ether, 
a small quantity of a crystalline compound separated, which, when 
purified by crystallisation from a mixture of alcohol and chloro- 
form, separated in thin, colourless needles, melting and decomposing 
at 300°. It was found to be identical with the new compound, 
witlianiol, C 25 H 34 O 5 , which w'as obtained in larger amount from 
the chloroform extract of the resin. 

Isolation of an Alhaloidal rrinajdc. 

The ethereal filtrate from the above-described crystalline sub- 
stance contained a compound which gave precipitates with the usual 
alkaloid reagents. The alkaloidal principle w-as not soluble in 
dilute acids, but was extracted from the ethereal liquid by repeatedly 
sliaking with concentrated hydrochloric acid. The acid liquids 
were then carefully neutralised w*ith sodium carbonate, when an 
amorphous solid w’as precipitated, which w-as taken up with chloro' 
form. The chloroform extract, after washing and drying, yielded 
T5 grams of a weak, gum-like base, which could not be obtained in 
a crystalline state. It gave a yellow, amorphous gold salt, melting 
and decomposing at 185°. 
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of Pofas&Vim Hydroxide on the. Alh/doid. ImJation • 
Crystalline Base^ 2-^ 16 ^ 2 - ^ 

A portion of the above described alkaloid was heated for an 
with an alcoholic solution of potassium hydroxide. The alcohol 
was then removed, water added, and the alkaline liquid exiractf-d 
with ether. The ethereal solution was then shaken witli dilute 
hydrochloric acid, and the acid liquid neutralised with aepu-ou; 
sodium carbonate, when a small amount (ITS gram) of a colom’ie<;; 
solid was precipitated. This substance was crystallised from dihu- 
alcohol, and was thus obtained in colourless, glistening' lealif-t« 
melting at 116'^; 

0'079‘J gave ()■ 2230 CO. and 0 0597 H.p. C = 76-8; H~ 8'4. 

O'OGoo „ S’o c.c. moist N. (over KOH) at 14° and TGii niin, 
X-15-3. 

requires C-7G'Gj H — 8’5; N— 14’9 per cent. 

The above-described substance would thus appear to possess the 
empirical formula and, as it differs in its properties from 

any substance of this formula wliicli lias hitlierlo been recorded, it 
is evidently a new compound. 

The Inue, is readily soluble in alcohol, ethyl acetate, 

ether, chloroform, or benzene, but only sparingly soluble m light 
petroleum or hot water. It is neutral towards litmus, but is casilv 
dissolved by an excess of dilute mineral acids. When heated in 
an ignition tube, it fii'st, melts, and then sublimes uncliaiigecl. 

The hydrarhlnride was prepared by adding to an ethereal solution 
of the base a drop of concentrated hydrochloric acid. A erw- 
talline solid was thus deposited, which, when recrystallised from 
a mixture of ether and alcohol, separated in thin, colourless needles, 
sintering at 190°, and melting at 201°. The peraie crystallised 
from hot water, in which it is only moderately soluble, in silhy, 
yellow needles, melting at 171°. 

After the removal of the crystalline base from the product of 
the above reaction, the alkaline liquid yielded, on acidification, a 
small quantitv of a solid substance, which, however, could not Im 
obtained crystalline. 

Chlorojonn K > tract of the Besin. 

Imlalion of a nr M onohydrir Alcohol^ ]\ Hhaniol, 

The portion of the resin extracted by chloroform was relatively 
large, amounting to 123 grams. It was redissolved in chlorofonii. 
and the solution extracted with aqueous ammonium carbonate, 
sodium carbonate, and sodium hydroxide, each of which ieino\e 
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. .P C resinous material. The chloroform solution was 

T n washed, dried, and the solvent removed, wdien a viscid, brown 
V was obtained, which, on agitation with alcohol, deposited 
' crystalline compound. This compound, amounting to 

-t 1111% was collected, and recrystallised from a mixture of ch loro- 
form find alcohol, when it separated in colourless needles, which 
.filtered at 285° and completely decomposod at 305°: 

,j loSl gavoO‘2S6G CO. and 0-0816 KoO. C==72-2; PI -8-4. 
rrl022*„ 0-2703 CO. „ 0-0750 II.O. C = 72-1 ; IT :^8-2. 

'[hv moleoular weight of the substance was determined by the 
ervo^capic method : 

dlHTO. in 28-16 nitrobenzene, gave -0*191°. AF.AV.=412. 

C'..TTdO- requires C^-72'5; H^--8-2 per coni. M.AV. ^3:414. 

Xo coinponiid of the empirical formula CViTf;;40-, possessing 
prupcitios identical wdth those of the above su])stancp, lias bitlicrto 
iKon described. It is tlierefore proposed to dosigiiato the new 
cutiipouiid iritiuufiof, with reference to the generic name of tho 
jilarit from which it has heen olitained. 

iVifltfOiinl, C,. -11^40:^, is readily soluble in cliloroforni, only 
iiiixU’iatelv so in alcohol, and practically insoluble in ether or light 
]j('trolciirn. It dissolves in cold concentrated hydrocliloric acid, 
and IS precipitated unchanged on the addition of water. It under- 
goes some change when heated with alkalis in the presence of 
alcohol, since the solution becomes deep red, and deposits, on 
acidification, a red, amorphous precipitate. AVhon dissolved in a 
mixture of acetic anhydride and clilorotorm, ami a drop of con 
ccntiated sulphuric acid subsequently added, a pink coloration 
rtjipears, which gradually changes to a straw-yellow colour. 

Withauiol is optically active, a determination of its rotatory 
power giving tho following result : 

0‘3745, made up to 20 c.c. with chloroform, gave a,j 4- 3°15' in a 
"I dem, tube, wdience [a]^ +91*2°. 

AVithaniol contains no methoxy-gronp, liut the presence of one 
liydro.xyl group was proved hy the formation of a monoacetyl 
derivative. 

A i-etj/lu ifhaniol, C2,5ll330+C0*CII;.— This derivative was prepared 
Iqv heating wiiliaiiLoi fur some time with an excess of acetic 
anhydride. On cooling the solution, the ffcetyl compound was 
deposited in the form of colourless, prismatic needles. After re- 
crystallisation from acetic anhydride, it began to melt at 280°, and 
at 300° became completely decomposed : 

0-1032 gave 0-2675 CO. and 0*0750 ILO. C - 70*7 ; H = 8-1. 
0-1122 „ 0-2920 COo „ 0*0832 C = 710; II-8-2. 

requires C = 7T1; H = 7'9 per cent. 

VOL, XCJX. L L 
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Ethyl Acetate Extract of the Eesin. 

This was a black, brittle solid, amoiuiting to 26*8 grams Jj. 
heated for several hours with dilute sulphuric acid in 
alcohol, when, after removing the alcohol, an amorphous 
separated, and a yellow, aqueous liquid was obtained which rcidf 
reduced Fehling’s solution. The presence of sugar in the aqueou^ 
liquid was confirmed by the formation of (f-phenylglucosazone 
ing and decomposing at 210°. It is thus evident that the ctlivi 
acetate extract of the resin was glucosidic in character. 


AlcA>hol Extract of the Eesin, 

This resin amounted to 105 grams, and consisted of a ItarO 
black solid. A preliminary examination having indicated tiie 
presence of a glucosidic substance, the whole of the resin was heafed 
for several hours with dilute sulphuric acid in aqueous aloolicl 
Alter the removal of the alcohol, the mixture was distilled in a 
current of steam, but no volatile product of hydrolysis was obtained 
There then remained in the distillation flask a quantity of resin 
and a reddish-brown, aqueous liquid, -which was separatod Ijv 
filtration. The resin yielded nothing crystalline, but the aquemu 
liquid, when rendered alkaline by moans of sodium hydroxide. 
depusLled about 1 gram of a dark brown, gelatinous product. This 
was collected, found to contain nitrogen, and to posse.ss weaklv 
basic properties. It was, however, of a very indefinite character, 
and could not be obtained crystalline, nor could anv crvstallii)fi 
salt be prepared from it. When heated with aqueous potassium 
hydroxide, a strong ammoniacal odour was developed. 

The aqueous liquid, from which the above described basic suh- 
stance had been removed, readily reduced Fehling’s solution, and 
yielded d-plienylglucosazone, melting and decomposing at 205°. it 
is thus apparent that at least a portion of the alcohol extract of 
the resin was of a glucosidic nature. 

]]. Examination of the Leaves and Stems. 

As a preliminary experiment, a small portion of the ground 
material was tested for the presence cf an alkaloid, and with a 
positive result. 

For tlie purpose of a complete examination, 6' 9 7 kilograms of the 
dried leaves and stems were ground, and extracted by continuous 
percolalioii with liut alcoliol. Tlie greater part of the alcohol 
then removed, the residual extract (2' 24 kilograms) mixed wit.'i 
water, and the mixture distilled in a current of steam. Tie 
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r tillate contained a very small quantity (0 2 gram) of an essential 
oi'k assessing a strong, pungent odour. 

After the above- described operation, there remained in the 
Jilt illation flask a brown, aqueous liquid, containing a qua ntity of 
>4i! These products were separated by decantation, and the resin 
veh washed with boiling water, the washings being added to the 
main volume of aqueous liquid. 

Examination of the Aqueous Liquid. 

Tlie aqueous liquid was concentrated under diminisbed pressure 
to a convenient bulk, then repeatedly extracted with ether, and 
tinallv with amyl alcohol. These solvents, however, removed only 
fiiiali quantities of gummy material, which, in each case, was found 
to contain a trace of a weak amorphous base. The latter, although 
responding to the usual tests for an alkaloid, w’as very indefinite in 
character, and yielded no crystalline salt. No glucosidic substance 
was present. 

The aqueous liquid winch had been extracted with the above- 
mentioned solvents was subsequently treated with an excess of basic 
lead acetate, w'hich removed tannin and colouring matter. Tho 
filtrate from the basic lead acetate precipitate was deprived of lead 
and concentrated under diminisbed pressure to a small volume, 
wliDii, on cooling, a considerable quantity of potassium nitrate was 
deposited. The filtrate from the latter still gave a precipitate with 
alkaloid reagents, and also contained some sugar, since it readily 
yielded ^/-phenylglucosazonc, decomposing at 205°. Tho acpieous 
liquid was finally rendered alkaline and extracted successively with 
ether and chloroform, but these solvents removed only very small 
quantities of a gummy, basic substance, which yielded no crystallino 
derivative. 

Examination of the He sin. 

The resin was a dark green powder, and amounted to 624 grams. 
It was dissolved in hot alcohol, mixed with purified sawdust, and 
the thoroughly dried mixture extracted successively in a Soxlilet 
apparatus with light petroleum, ether, chloroform, ethyl acetate, 
and alcohol. 

Ptiroleam Extract of the JlePin. 

This extract was a dark green, soft solid, amounting to 67 grams. 
It was dissolved in ether, and the solution shaken with both dilute 
and strong hydrochloric acid, but no basic substance was thus 
removed. 


L L 2 
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Isolation of Ilentriacontane, and a ThyiosUrol, Q,.n^,o 

The above-mentioned ethereal liquid was next distiller! for 
removal of the solvent, and the residue heated with an alcoholic 
solution of potassium hydroxide. After the removal of the alcoboL 
water was added, and the alkaline liquid completely extracted witli 
ether. The ethereal extract yielded 26 grams of a somisolid 
product, which was fractionally crystallised from ethyl acei ate, when 
a colourless coiiipound. separating- in glistening leaflets and melting: 
at 68 '=’, was obtained. This substance, amounting to 5 grains, was 
identified as hentriacontane (Found, C-S.rl; H-UT. Cak., 
C = 85'3^ H--U-7 per cent.). 

The mother-liquors from the above crystallisations were united, 
the solvent removed, and the residue fractionally distilled under 
diminished pressure. The lower-horlmg fi actions contained a con- 
siderable quantity of hentriacontane, but the final fraction, after 
sevciuil crystallisaiion.s from hot alcohol, yielded a compound 
crystallising in Hat plates, which melted at 133°, and gave the 
colour reaction of the phytosterols: 

0'0SS3 gave 0‘2720 CO., and 0'0940 IFO, C~84’0; Il-ll'S. 

^ requires C^83‘9; TT-ll'O per cent. 

This substance was thus proved to be a phytostcrol, and it was 
apparently identical with that obtained from the root. 


The Fa III/ A rids. 

Isolation of C erotic Arid, CofillK^ii* 

Tlie .alkaline liquid from uliidi the abovc-ineiitiened licntria 
coiitaiie and phytosterol had been removed was atddificd will 
suiphune acid, and the precipitated fatty acids taken up mil 
ell-er The ethereal solution, on the evaporation of the solrail 
yielded a seini-solid residue of fatly acid.s, which were convem., 
into tiicir mctiivl esters, and the latter then fractionally clisliW 
under diminished pressure. The greater portion p.i.sscd over -t 
205- 215“, 12 nun., hut a small fraction was collected above 
2I5°/12 mm., and a considerable (luantity of non-volatile resinoiis 
material remained in the distillation flask. The fraction distilling 
above 2I5“,T2 mm, solidified in the receiver, and, when recrua 
Used from alcohol, was olitaiiicd in glistening leaflets, * 

55 — 570 , xhis product consisted of methyl cerotate (m. p. .> 
since an hydrolysis it yielded an acid which separated ^0 
acetate in stellar aggregates of fine needles, melting ' 
(Found, C=-T 8 ’ 6 ; H-15 3. Calc., C = 78'8; per cen ■)■ 
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The fraction of methyl esters distilling at 205 --!215°/12 mm. 

_ }ivdrolvsed, and the regenerated acids separated by means of 
load salts into saturated and unsaturated portions. The 
^''ur'ited acids were found to melt at 49—51°, and to possess a 
'r'utrali?atioii value of 205°. After one crystallisation from 
' ! . Iinl the melting point was 51 — 53° and the nentralisation value 
'• r- It was thus evident that the saturated acids consisted of a 
' vuirc of palmitic and stearic acids, wliich possess neutralisation 
vl'luos of 219 and 198 respectively. 

The unsaturated acids were distilled under diminished pressure, 
wlicn they passed over at 220 — 235°/ 15 mm. An analysis and a 
Jofci-inination of the iodine value gave tlic following results: 

u 1033 gave 0'2912 CO.^ and ()1()75 HoO. C--7G'9; IT — llh. 

(l'130() absorbed 0-2086 iodine. Iodine value- 159-7. 

(' If 0. requires C=^76-6; H = ]2‘l percent. Iodine value --90’1. 

„ C ^ 77-1 ; 11 — 11'4 „ „ Iodine value ~181'4. 

Tlir unsaturated acids would thus ifppear to have consisted of 
II mixture of oleic and linolic acids, the latter preponderating. 

Ethereal Extract of the Ee&’in. 

Isolation of Ifurunol, C23H3j^02(0n)o. 

Tliis extract was obtained in the form of a light green powder, 
ainounting to 156 grams. On digesting the extract with ether, it 
was observed that a portion of it was very spariiirdy soluble. This 
was therefore separated by filtration from the more readily soluble 
portion, which amounted to 60 grams, and consisted of chlorophyll 
and indehiiile amorphous substances. The portion sparingly soluble 
in ether w'as subsequently digested with hot alcoliol, when a small 
quantity of a light green solid remained undissolved. The latter 
was collected, and, after crystallisation from dilute pyridine, wms 
found to decompose at 285—290°, and to give tlie colour reaction 
of ipiiranol. Its complete identification was effected by means of 
tlie acetvl derivative, which melted at 164 165°, and wdicn mixed 

with a known sjiecimen of acetylipuranol the melting point remained 
unchanged. 

Isolation of a Ecu; Monoliydric Alcohol^ Somniroly C32H430g*0n. 

The above-mentioned alcoholic solution of the sparingly soluble 
portion of the ether extract of the resin w-as heated to boiling, 
and sufficient water added to produce a faint cloudiness. On 
cooling, a quantity of an oily resin separated, which gradually 
became semi-solid. This w^as collected and put aside for subse- 
quent examination. By the further cautious addition of water 
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to the hot mother-liquors, the greater portion of the oleo-resi 
material was removed, after which a crystalline substance 
to be deposited. The latter was then purified by several rccrvs**^? 
lisations from dilute alcohol, when it was obtained in colouries-' 
prismatic needles in an amount, of 3 grams : 

0‘5981, dried at 110^ lost 0'0364 HoO. Il20 = 6'l. 

0 0975* gave 0‘2o42 CO^ and 0-0748 HoO. C-7M; II 

0-n26* „ 0-2882 COo „ 0-0834 H,b. C = 71 -o/h=-8-4^ 

0-1136* „ 0-2968 CO2 „ 0-0844 IHO. C = 71-3 J 11=: 8-2' 

C3.2H44O;, 21100 requires H2O-6-2 per cent. 

requires C = 71-1 ; 11 = 8-1 per cent. 

TIic molecular weight of the substance was determined bv tlip 
cryoscopic method with the following result: 

0-5496* in 31-52 nitrobenzene, gave -0-225° yi.tV.r-540 

C32H44O- requires M.W. = 540. 

No substance identical with the above compound appear.^ to 
have liitherto been described. It is therefore proposed to dcsi.rnate 
the new compound somnirol, with reference to its alcoholic propcTticii 
and the specific name of the plant from which it has been isolated 

Somnirol, C32H430g‘0II, is very soluhle in alcohol, ethyl acetate 
or chloroform, only inoderately soluble in benzene, and verv 
sparingly so in ether. It crystallises from dilute alcohol with twn 
molecules of water of crystallisation, wdiich are expelled at 110^ 
but are again rapidly absorbed when the anhydrous substance is 
exposed to the atmosphere. The behaviour of the substance on 
heating is characteristic, inasmuch as it partly melts at al)onl 
155° with effervescence and immediate resolidifi cation, and then 
finally fuses with evolution of gas at 205°. 

A determination of the optical rotatory power of somnirol gave 
the followung result: 

0*1796,* made up to 25 c.c. with chloroform, gave -}-0°30^ in 
a 2'dcm. tube, whence [a]^^ +34-8°. 

Somnirol contains no methoxyl, and, as sbowm below, only one 
■hydroxyl group. In order to obtain some further information 
respecting the character of the substance, a portion of it was 
heated with decinormal alcoholic potassium hydroxide: 

0-2002, heated for 20 minutes, neutralised 0-0222 KOH. 

KOII = ll-l per cent. 

0'2271, heated for one hour, neutralised 0-0275 KOH. 

KOH = 12'l per cent. 

neutralise 1 inol. KOH, requires KOH = 10-4 per cent. 

With the object of isolating, if possible, the products of the 
* Anliydrpust substance. 
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alcove reaction, a quantity (0'5 gram) of somnirol ^vas heated for 
a s}i(>rt time with alcoholic potassium hydroxide. The alcohol Tcaa 
removed and water added, hut no precipitation ensued, nor 
any product be isolated from the alkaline solution by 
exrraction with ether or chloroform. The alkaline liquid, on 
ac'itiification, deposited a gelatinous precipitate, which, after collect- 
ini: drying, was found to be only imperfectly soluble in 

fl]kalis, and almost insoluble in i.he ordinary organic solvents. 
From these results it may be concluded that somnirol contains at 
least one lactonic grouping. 

Artf}/h-omnirol, C 22 H 4 y 07 *C 0 'CHo, — This compound was pre- 
pared by heating somnirol for an hour with acetic anhydride, the 
great er portion of the latter being then removed by distillation, 
and water added, when the aceti/l derivative was precipitated as 
an oil, which gradually hccame solid. The product was collected, 
(hied in a vacuum over sulphuric acid, and dissolved in hot benzene, 
from which it was deposited in colourless, torpedo-shaped crystals. 
Tlic latter contained benzene of crystallisation, wliich vas not lost 
0 !i kc.ping the compound for some time in a- vacuum over sulphuric 
acid, and was only very slowly expelled on heating at 100^. AVhen 
healed in a capillary tube, the air-dried substance begins to 
thange at about 115°, and apparently melts at 125° with evolution 
of gas. Heated to 110° on a watch-glass, the substance gradually 
melts, bubbles of gaseous benzene are evolved, and it then resolidifies 
to a hard, hrilile, transparent mass. On recrystallising the latter 
from benzene, the original compound, containing that solvent, was 
obtained : 

OU7S gave O’SloT OOo and 0-0859 THO. C-Tb'!; H-S'l. 

requires C-72'7; H'=7'9 per cent. 

The heuzene-free acetyl derivative was next analysed: 

0 1369 gave 0-3510 CO. and 0-0994 ILO. C-GO’S; H -8-1. 
0-0801 „ 0-2050 CO^. „ 0'05S6 lip. C-69-8; H-8-L 
13 ^ 7 * CO- dig requires C-70-1; H^7-0 per cent. 


Isolatwii of a Xcw Dilnjdric AlcoJtfjJ, SovuuitA, CsW„0,(OH),. 

The dilute alcohoJic mother-liquors remaining after the separation 
of the somnirol, as above described, still contained a considerable 
amount of substance in solution. On removing tho alcohol in a 
current of steam, an oily substance was deposited, which gradually 
solidified. The solid -was collected, dried in a vacuum over sulphuric 
acid, and then digested with ethyl acetate. This treatment 
removed tlie remaining somnirol, and left a sparingly soluble com- 
pound, w-hioh was recrystaliised from alcohol. It separated from 
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this solvent in thin, hair-like needles, which sintered at 
melted and decomposed at about 250*^. The yield of this 
was 4 grains: 

0'4704, dried at 110°, lost 0-0310 H.O. 

0-1160* gave 0-3037 CO. and 0-0898 11.0, *"0 = 71-4; 

0-1071* „ 0-2805 CO^ „ 0-0830 H^O. C = 7l'4j 
C^ 3 H 4 (; 07 , 2 Ho 0 requires H.O = 6 ‘l per cent. 

C 33 H 4 CO 7 requires C = 71-5; H^S'S per cent. 

A moleeular-weight determination by the cryoscopir metliori 
gave the following result : 

0-2454,* ill 33-80 nitrobenzene, gave -0-092° 

C 33 n 4 p ,07 requires M.W. = 554, 

No compound of tlic above formula appears to have jueviousiv 
been described. It is therefore proposed to designate the nii- 
stance witli reference to its alcoholic character and the 

specific name of the plant from which it has been obtained. 

Somnltol is practically insoluble in water, and only modcratciv 
soluble in hot absolute alcohol. It dissolves readily in cliloroform 
and in dilute alcoliol, separating from the latter solvent with 
2 molecules of water. The com]iound is optically active, a det^r- 
ininatioii of its rotatory power giving the following result: 

O- 304 OA made up to 25 c.c. with chloroform, gave aj, -:-0°3l' in a 
2-dcm. tube, whence -f 2T2°. 

Wlieii somnitol is heated with alkali liydroxides in alcolioliu £oui- 
tion it slowly undergoes change, and the liquid acquires a deep ml 
colour, but even after prolonged lieating with concentrated alkali 
a part of the compouiul was recovered unaltered. The reaction h 
therefore not comparable with that which takes place ■plien 
somnirol is similarly treated, since in the latter case no trace of 
unchanged .substance can be detected, even after a few mitmtes' 
heating with the alkali. 

Somnitol contains no methoxyl, but was found to possess t^vo 
hydroxyl grouj)s, since it readily yields a diacetyl derivative. 

UhicctylmmnitnK (.h.{H,, 407 f( 10 ’(lIIo).. — This compound was pre- 
pared by lieating .somnitol with acetic anhydride for an hour. Uii 
concentrating tlie solution, an acctijl derivative separated in colour- 
less jirisnis, wliich, after rccrystallisation from acetic anhydride, 
melted and decomposed at 270 — 275° It was practically insohihlc 
ill cold acetic anhydride or alcohol, but readily soluble in 
chloroform ; 

0-1127 gave 0-2866 CO„ and 0-0841 H.O, C = 69'4; H = 8-3. 

0-105()’., 0-2693 CO', „ 0-0782 Il.b. C = 69 - 6 ; H-8-2. 

CUH 4 j 07 (C 0 -Cll 3 )," requires C = 69-6; H = 7-8 per cent. 

■* Aiiliy lr<iu.s .substiiiicc. 
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I of iifi Hij(h'i)hjtic rro^hn'i : Withan'ir Av'hJ, 

C29H4,Oc*CO,H. 

'I'lie oily resin which had separated from the alcoholic solution 
,[ the ether extract of the resin by the first addition of water, as 
diove described, was next examined, but no crystalline compound 
i-oiild be directly isolated from it. It was therefore heated for a 
diert time with an alcoholic solution of potassium hydroxide, the 
.,]((, hoi then removed, and the product of hydrolysis extracted 
^urrc'^sivcly with ether and chloroform, which, liowever, removed 
nothiim. On acidifying the alkaline liquid, a gelatinous precipitate 
was fonned, the greater part of which was insoluble in organic 
solvents, but a small portion was soluble in liot alcohol, froin wliicli 
it crv.stallised in colourless, tetrahedral prisms, melting and deconi- 
at 226°: 

01124, dried at 110°, lost 0'0038 ILO. ILO = 3’l. 

0-1136'^ gave 0-2796 CO. and 0-0904 H.O. 0 = 67-1; H - h'S. 

requires H.0 = 3 3 per cent. 

C, |H 4 ( 50 s requires 0 = 67 4; H-8-6 ])er cent. 

This substance was readily soluble in alkalis, including ammonium 
car])onatc, ajid when titrated with a dccinormal alcoholic solution 
of sodium hydroxide gave the following result : 

Lt'2t)60 neutralised S'S c.c. J/lO-NaOlI. M.W. (monobasic acid) -542. 

C,oH 4 ,Oo-CO.,H requires M.W. = 534. 

As the above-described acid is evidently a iiew comj)ound, it is 
propo.scd to designate it vrithanic acid. 

Wtf.hamc acid, is very sparingly soluble in ether, 

chloroform, or benzene, and only moderately soluble in boiling 
alcohol Its methyl ester, prepared by heating the substance with 
mettivl alcohol in presence of concentrated sulphuric acid, was very 
soluble in alcohol or acetone, but could be crystallised from a 
mixture of acetone and benzene, ■when it separated in liard, 
crystalline nodules, sintering at 240°, and decomposing with 
cffei ve-cence at 205°. 


Chiornform E^rfract of the liesin. 

Tliis consisted of a light green pow^ler, which amounted to 
212 grams. As nothing could be directly isolated from this 
material, it was heated with dilute sulphuric acid in aqueous 
alcohol. On subsequently rendering the liquid alkaline, about 
1 gram of an almost colourless, glutinous solid separated, wliich 

* Auhydrous substance. 
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was found to contain nitrogen, bub whicb could not be obtained] 
crystalline nor did it yield any crystalline salt. 

The chloroform extract of the resin was also tested for {y 
presence of a glucoside, but with a negative result. 

Ethyl Acetate and Alcohol Extracts of the Eesin. 

The ethyl acetate extract of the resin amounted to only 10 grarjii; 
It was found to contain some glucosidic materia^ since on licatinsr 
with dilate sulphuric acid in aqueous alcohol it yielded a 
from which ^Z-phenylglucosazono (m. p. 205°) was prepared, 

The alcohol extract of the resin, consisting of a hard, brittle 
solid, amounted to 94 grams. It was glucosidic in character, and 
on heating for several hours with dilute .sulphuric acid in aqueous 
alcohol it also yielded a small amount of an indefinite basic siil> 
stance, the properties of which were very similar to those of tbe 
substance obtained from the chloroform extract of the resin. 

Suminarj/. 

The material employed for this investigation represented (lie 
entire plant of ]]dthania soninifcra, Dunai (Nat. ord. Soianarmf), 
and was obtained directly from South Africa. The root and tlie 
overground portion of the plant, consisting of the loaves and 
stems, were separately examined. 

Preliminary tests, conducted with both portions of the plant, 
indicated the presence of an alkaloid. 

I. Constituents of the Eoot . — An alcoholic extract of the root, 
when distilled with steam, yielded a very small amount of an 
essential oil. The portion of the extract which was soluble in vater 
contained, besides indefinite, amorphous substances, a quantity of 
sugar, which yielded ^/-phenylglucosazone (m, p. 210°). 

The portion of the extract which was insoluble in water con- 
sisted chiefly of a black resin, and amounted to about 2’7 per cent 
of the weight of the root. Prom this resin the following definite 
substances were isolated : hcntriacontane, ; a plijtosterol, 

C,-IT 4,50 (m. p. 135—136°); a mixture of fatty acids, consisting of 
palmitic, stearic, cerotic, oleic, and linolic acids; ipiiranol, 
CjJl 350 ,(On)o; a new monohydric alcohol, u'ithaniol, 
decomposing at 305°, and having +91*2°; and an amorpbou^. 
alkaloidal principle, which, on treatment with alkalis, yielded a 
crystalline base, Ci2H^f,N2 (m, p. 116 °). 

II. Constituents of the Leaves and Stems . — An alcoholic 

of this material, when submitted to distillation with steam, yicl e 
a very small amount of an essential oil. The portion of the extrac^ 
which was soluble in water contained, besides tannin and colounas, 
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metier, a sugar yielding ^^-phenylglucosarane (m. p, 205°), and a 
c-an^irlerable quantity of potassium nitrate. 

The portion of the extract which was insoluble in water consisted 
^Tieily of resinous material, and was obtained in the form'" of a 
dark green powder. This resin was found to contain a number of 
jcuhstances which had also been isolated from the root of the plant, 
bill'll as lientriacontane, a phytosterol, Co;H4,iO (m. p. I330) I 
iiiiN'turo of fatty acids, and ipuranol. In addition to these, how^ 
^ver, it yielded the following compounds : a new monoliydric alcohol, 
smfiiroh C3.H430 (j- 0H, decomposing at 205"^ and liaving 
• a],, ,34-8°; a new dihydric alcohol, somuifol, CV^H440-(0H). 
,K.(M>mposing at about 250°, and having [a] ,, + 21-2=' j and an'acidic,’ 
liydrolytic product, 'imthanic acir], CbuhI^-0,gCO„TT (m. p, 
wifhijl ester of which decomposed at '255° 

Inasmuch as the ^Vit}lanm somitifcra, unlike some other solana- 
cenns plants, had been found to contain no mydriatic alkaloid it 
was deemed of interest to ascertain whether the seda-ti\^o or Innmotic 
properties attributed to it could be confirmed. For tliis purpose 
sonic tests were kindly conducted for u,: at the Wellcome 
Physiological Research Laboratories by Brs, IL H. Bale and 
P. P. Laidlaw, to whom our thanks are" due. It was thus asccr- 
lainecl that alcoholic extracts, representing about 7 grams of the 
root and 3 grams of the leaves and stems respcctivclv, when 
administered to a dog had no perceptible elTect. The hypodermic 
injection of ilie alkaloidal principle obtained from the root likewise 
produced in a dog no symptom of narcosis or other definite result. 

JhE ELeCO,Mn CnEMICaL RESE.\rvOH bAKOKATOniK';. 

Londox, E.C. 


Ihe Comtanc}/ of Wnfer of Cnji^tollUahoo in 
Hydrated Salts, Pari /. 

B\ Heheert Breketoin Baker and Gkorgl IlENiiy Joseph Ablam. 

fuF^use of salts containing water of crystallisation for accurate 
'wk, such as the determination of atomic weights, has been a 
MLiject, of discussion for many yearst According to Richards 
dmch, ^hyukal Chem., 1904, 46 , 216), such salts always contain 
supposed to be occluded in some way in the 
^ 0 16 crystal. Marckwald 1907, 40 , 4730) published 

per in 1907 on the atomic weight of tellurium, in which he 
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concluded that the true atomic weight was below that of iodine 
solely on the evidence obtained from the decomposition of 
acid (H 2 Te 04 / 2 TI. 0 ), This work was criticised by one of us {Bakor 
Ckem. News, 1908, 97, 209), both on general grounds, and ak 
because a long series of experiments with the same substance Ud 
pointed to the impossibility of obtaining the crystals of consuiit 
composition. March wald * has recently withdrawn his assertion nf 
the low atomic weight, since by using a more trustworthy iriciluid 
for the determination lie has obtained results which confirm tlio 
number found bv other iiivestigatois. It was in reference tf, 
telluric acid that this work w'as begun, but othei cases have hccu 
studied. 

In the cases which we have investigated, it has been found lliat 
tlicre is, as Richards proved for barium cliloride, an cxccs,s of ivator 
over the calculated amount. Kicliards ijoc. cit,) considers that tliis 
water is occluded in cavities in the crystal, since by reducing the 
substance to varying degrees of fineness, the excess of water vas 
appreciably diminished, the process of powdering having opoiicrl 
up some of the larger cavities. Mallei {riiil. Tram,, 1880, 171. 
1003), however, attributes a similar loss of water in the case of 
ammonium alum to the heat generated in crushing the crystals, and 
tlie work of Carey J.ea {Plul. Minj., 1892, [v], 34, 46 ; 1894, [d 
37. 31) has shown tliat the enormous mechanical energy which is 
brought to bear on a sulistancc in powdering is able to bnii:: 
about the decomposition of substances of far greater stability than 
crystalline hydrates. 


* Marckwald and foizik {Bn-., 43, IHO). In this paj.-r, oijVdkm i> 

Mkeii to the method of deteiniimition of tiie atomic wciglit hy heating tellurium 
dioxide with sulplii.r, tlw loss of sulplmr dioxide being niea.s.iml. The author^ 
state that sulphur trioxide is formed as well as the dioxi<]e. This a.sscrtioii seen, 
uidikelv since excess of sulphur and flee tellurium are present, Imt wehave, ilimigd 
it worth’wliile to repeat cxiierimciits. In two experiments, 6 grams and t' grams 
higlilv Pui'ified telhiriinn dioxide were mixed with excess of purified sulphur, shv,-' 
leaf being packed in the c.xit tube, Tlic air liaving been displaced bv nitiyiJ, lti- 
mixture was healed and the gas passed through a dilute acid sohit.on oflurnuu: 
cdiloride which had l.rcu previously boiled to remove dissolved ox \ gen. gu-' 
tube of distilled water was attach-l to tlm bulbs of barium cliloride sobiUon, an i- 
Uwsft areumslanees the solution remained perfectly clear lu both 
sl,„wi„s that no suli-hu.' trioxi.io foin.eJ. Wl,™ tl.r sol«t,o„ o «» 
cliloride, saturalcl «itl, sullihur dioxide, u-m expobed to the 1“^ , J 

barium solldiote was observed ill ten iiiimilcs. 'llie t.eriuan ' 

tliataterapenitiireof 200 ' iva, iietessary, ivliilst one o! m and l.e.im t J — 
1907 , 91, 1819 ) fmiiid that it lienaii at 130 . The Imver teiiii«ia 
conflrined bv inserting a theraioilletev in the iH'atcd „ , vfW 

telUuduiii dioxide If the telluriu.ii iHuxide lias lieeii previously 1 eaW . 

high temper.itare, it is probable that the reaction would re]mre a „ 
ture before it began. 
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Our abject was to devise a method by which both or-dudcd water 

j julliering solvent would be removed without taking away any 
oi' the water of crystallisation. In order to do this, a desiccating 
Ttuist be found, the vapour tension of which is less than that 
of the occluded mother liquor, but not less than the tension of the 
Viter of crystallisation, and, secondly, crystals must be permeable 
u> water vapour. 

\ suitable desiccating agent is found in a mixture obtained by 
|jarily dehydrating some of the substance to be dried. If such a 
mixture is placed in a closed space whicli contains also some of the 
<aiiie livdratcd salt with mother liquor, the vapour tension will be 
always that of the fully hydrated salt, and tlie mother liquor will 
^.v;^poralc, leaving crystals of definite and constant weight. 

The principle of the method was first suggested by Andrese 
phn>>ik<ih Chem-., 1891, 7, 241) for the isolation of liydrate.s 
(.1 <alts. It was used by Walker and Beveridge (Trans., 1907, 91, 
171)7) in the preparation of 2 >tohudine monohydrate. While onr 
work was iii progress, it was again used by (himining (Trans., 1910, 
97. 7)93 ) in the isolation of the hydrates of sodium carbonate, and 
also liv Guye and Tsakalotos (/. CJian. 1909, 8, .3), whose 

object was the same as ours, ntimely, the preparation of liydrates 
in such a condition that they could be used for atomic-weight 
(h-leriniiiations. 

With regard to the permeability of crystals to water vapour, 
tlu'ie arc two possibilities. If crystals are to be regarded a.s built 
up of crv.slals of molecular dimensions which are not in absolute 
1 ‘oiUact, it is probable that not only water vapour, but other gases 
iiiav pass ihroiigli iheni. On the other hand, if a crystal be made 
into a partition between an atmosphere which is saturated with 
water vapour and a dried atmosphere, dehydration may take place 
at. one surface of the crystal, and tlie delivd rated layer take up 
\vater from the next layer. This process being repeated, the net 
result- will be that water will pass through the crystal from the 
wet to the dried atmosphere, altliougli the crystal may show no 
signs of the change which has taken place. We incline to the view 
that ilie passage of water through crystals takes place in the second 
way, since we find tliat, in the cases examined, hydrated crystals 
are permeable to water vxapour, but anliydrous crystals are imperme- 
able. In order to test whether crystals are permeable to gases, as 
they would be on the first of the above hypotheses, the following 
experiments were made. A U-shaped tube xvas bent so that the 
limbs were close together. On one end of the tube a flat-bottomed 
o])eii cup was blown, in wbicb a crystal was cemented by paraffin 
'va.\. Mercury was introduced into the bend, the tube was 
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exhausted, and the open end was sealed. The levels of the me 
in the two limbs of the U-tube were observed with a 
When air-dried crystals were used, it was found that the mercu^ 
Was depressed in the limb sealed by the crystal, but never to ' 
extent greater tliaii the maximum tension of aqueous vapour at th! 
temperature of the room. A crystal of potassium ctlorq' 
(anhydrous), dried over sulphuric acid, showed no dcpressio*i • 
the mercury column, while a crystal of barium chloride (BaCL,‘>H 0) 
showed a depression of about 6 mm., equal to the tension' of tlie 
water of crystallisation of the salt. Hence we see that uuder tii> 
pressure of an atmosphere, air will not pass through the mass of a 
crystal, and since in some cases water vapour docs so, its passa-e 
must take place by some such process as that outlined above. " 

Dnjing of Telhtnc Acid. 

Marckwald states that 15 grams of telluric acid, when kept in 
a vacuum over phosphoric oxide, lost only O' 3 milligram in h\o 
months. Since this statement appeared to be at variance with tlie 
previous experience of one of us, the point was investigated in the 
following \vay. 

Ten grams of the recrystallised acid wmre weighed in a silica dish 
against a counterpoise dish of the same material. Both were kepi 
in a vacuous desiccator over phosphoric oxide. Weighings were 
made at frequent intervals over a period of five months. Tor the 
first two days a considerable loss in weight was noticed, no doiiht 
'due to surface water. There was a continual decrease in the loi-s 
•of water, but this loss was still going on w’hen the experiment \va> 
Stopped. The g,veragc daily loss for the last month w'as O'l milli- 
gram. In order to investigate further if water w^as still present in the 
free state, the dried acid was analysed. Portions were w'eiglied in a 
dried stoppered silica tube, usiug a similar silica tube as counterpoise. 
To the first tube was fitted, by very careful grinding, a connexion 
made of Jena glass, by means of wbicli a current of air, dried hy 
phosphoric oxide, was enabled to sweep through all traces of water 
into a bulb, whicli itself w'as connected by a ground joint to a 
U-tube containing phosphoric oxide, the bulb and the U-tuhe 
being weighed together. It may be noted that the ground connexion 
between silica and glass is a very satisfactory arrangement when 
lubricators are, as in this case, inadmissible. The glass expands 
more than the silica, so that the joint becomes tighter as the 
temperature rises. The -weights are corrected to vacuum standard. 
The percentage of -water calculated (Te = 127'50) is 23*546. The 
calculated total loss is 30*516: 



CRYSTALLISATION IN HYDRATED SALTS. PART I. 5H 


•]'(.]] uric 

Water 

Total 

Water 

Total 

loss 

DiUVrenee of 
Ditrei-ence of total 
water calc, loss calc. 

acii.l, 

collected, 

loss, 

found, 

found, 

and funnd 

, and found, 

grams. 

gram. 

grajii. 

pcT cent. 

per cent. 

per cent. 

I'cf- cent. 

3 -068 1 6 

0-72608 

0-94048 

23-083 

30-651 

f 0 - 1.37 

+ 0-13S 


0-56974 

0-772ol 

23-653 

30 ’620 

•f 0-108 

+ 0-101 

3 -20208 

0-77020 

0 99722 

23 '601 

30-562 

+ 0-0.-8 

I- 0-04 6 

.3-0S471 

0-71840 

0-93019 

23-595 

30-551 

+ 0 035 

+ 0-017 


T. iluric acid for ono month over sodd patas^ium lu'drovuio. 
,, ,, ,, week over pli(jfsph(Ji'ic ON i.iL>. 

,, „ three montlis over [iliosidioric oxide, 

I’ i, >i (? *■'* n '> )t ,, 


It will be seen that with these different amounts of drying there 
15 a 1 wavs an excess of water in the crystallised telluric acid, and: 
tliis excess is sensibly equal to the excess in the total loss of weight. 
(Ill (IccoiiipositioM, assuming the atomic weight of tellurium to he- 
It is seen also that this excess of water is not removed' 
liv exposure of the acid to the drying of pliosplioric oxide in a 
v.jciuiiii for six months. It will be seen later that telluric acid 
(.rvslals are apparently impermeable to water vapour, and hence^ 
die excess of water is retained in the interior of the crystals. We 
liavo found that crystals containing true water of crystallisation 
will allow of the passage of waiter vapour through them, and we 
arc of opinion that these experiments uphold the view suggested 
bv Cutbior, and supported by Marckwald, that tire fojiriula of this 
acid should be written II^jTeO^;, and not ILTe 04 ,!lIL 0 . This view 
is further strengthened by the fact, discovered by Berzelius, that if 
the substance is dehydrated until it has the composition H^TeO^, 
the white powder thus obtained can be kept in water for some lime 
without rc-hydration. We have repeated this experiment, and we 
ilnd tliat after six months' keeping iu water, less than a quarter has 
passed into solution, 

In order to show the difference of behaviour of telluric acid and 
that of a substance containing true water of crystallisation, the 
following experiment w-as performed, A weighed quantity of re- 
crvstallised copper sulphate, which had Ireen dried to constant 
weight over partly dehydraied copper sulphate, w’as placed in a 
vacuum desiccator containing some of the same salt, which was 
completely dehydrated. The salt was weighed at intervals: 


Datv, AVcight of «ilt. 

All" 18th n -^35110 

A«" '26111 3 ‘43030 

Oct. lull 3 ■12305 


Change. 

-0 '00060 
-0-01225 


Thus, crystallised copper sulphate loses its water of crystallisation 

* From tlio meiiibers obtained in these C‘X]ieriincrits, tlic ratio of TcO.> : 0 is 
'Atahkd: (1) 100 ; 10-042 ; (2) lOfl ; 10-020 ; (3) 100 : lO'OlG ; (4) 100 : 10-040, giving 
a im-aii insult 100 : 10 032, which give.^ fur tlu- atomic wcigltt of tvlluriiiiii 127-40. 
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with considerable rapidity when placed in an atmosphere (hiej 
the anhydrous salt, which is not a very powerful dehydrating agent 
The hydrated salt, also, was found to lose practically all its \vaief 
of crystallisation when dried over phosphoric oxide. 

Bi-ying of Hydrated Salt& over the same Salts rarihj DelnyJratff] 

The substances used in the following’ experiments were caiefuHv 
purified by recrystallisation, and finally obtained in small crvstali 
by the sudden cooling of a saturated solution. The substances 
contained either in vessels of silica or in light stoppered wcii^hiin, 
bottles of a wide, shallow pattern, were taken while still moist, and 
left exposed to the desiccating action of the partly deliydralcc] 
salt contained in a vaenum desiccator. Weighings were made at 
regular intervals until no further loss could be detected even after 
leaving the substance some considerable time. A counterpoise vlndi 
was al^vays exposed to the same conditions was used in weigliing. 
It was found to be necessary to readmit air very slowly into the 
vacuum desiccator before weighing, and also to subject the air to 
some preliminary process of drying by passing it through a sulphuric 
acid worm, and then through a h)iig tube containing a inixtiue 
similar to that in the desiccator. For tlio drying agent, the com- 
mercial substance witliout any purification was used. The pre- 
liminary dehydration was so regulated that some of the unchanged 
hydrate always remained in the desiccating material. In all the 
experiments, it was carefully ascertained that the drying mixture 
had remained efficient throughout; a large quantity was always 
used, and, fiu'theimore, it was renewed at frequent intervals. 


Bavin m C h I o r ide. 

The specimen of barium chloride, after careful pu rill cation, 
remained for about six months in a vacuum over partly dehydrated 
barium chloride (other experiments being then in progress). A 
portion of this product was then taken and weighed several times 
in succession, being in the meantime subject to the treatiiieut 
described in the previous section : 


Diite 

■Wuiglit of suit. 

Cliaiige in 

.Ian. 8th 

3-57008 

-0 00015 

,, 9tli 

3-. 56993 

-0 00004 

„ 11th 

3-56989 

-0 nonoi 

„ ]‘2th 

3-56992 

_0 000(13 

,, 13th 

3 -.56993 

* 0-00000 

,, 15th 

3-56993 


The first loss, which is considerable, may probably be attributed 
to adsorption of moisture during transference to a weighing bo e. 
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The percentage of water of crystallisation in this product was 
' uud to be 14 -772, a result which, whilst agreeing with other 
(ieteiminations, is above the calculated amount, 14-747. 

Tlius during the long period of drying, the salt not only did not 
lo^e any water of crystallisation, but still contained an 

appreciable excess. 

-^Ve were, however, able to obtain a specimen of barium chloride 
u'itb the theoretical percentage of water of crystallisation by the 
following process. The crystallised salt was first completely de- 
hvdraled and finely powdered. It was then left in a vacuum in 
the presence of partly dehydrated sodium sulphate, and kept there 
as as it continued to take up water. Then, in order to remove 
anv adsorbed water, it was placed in another desiccator over partly 
dehydrated barium chloride, and left there until by three weighings 
in succession, with four days between each weighing, it was 
ascertained that the substance had reached a constant weight. 

1-84103 grams of this product, on drying to constant weight at 

250 270°, lost 0*27155 gram. This corresponds with a percentage 

of 14-750 instead of 14-747 (Ba^ 137-37). 

Co-pper Sulphate, CuS04,6H20. 

This salt is known to form lower hydrates with vapour tensions 
lower than that of the pentahydrale. Two specimens of the salt 
were used, one in small crystals, and the other finely powdered in 
a mortar, so that it might be seen if the stability of the hydrate 
was affected by the mechanical breaking of the crystals. On leaving 
in an atmosphere dried by partly dehydrated copper sulphate, the 
weighed salts attained constancy of w* eight in three weeks, and no 
further change of more than O’Ol milligram was observed during 
the nest eight weeks. 

Fotmh Alum, E:.S04,AL(304)s,24H20. 

Tills salt was chosen on account of the large amount of water 
which it contains, and the high tension of the water vapour. Two 
portions were taken, one in small crystals, and the other finely 
powdered. The salts were not subjected to preliminary drying, but 
on keeping over the partly dehydrated salt, most of the surface 
water was found to have disappeared in a week’s time, and after 
a month’s drying in this way, the change in weight from week to 
week did not amount to more than O'Ol milligram on 2*5 grams of 
salt. As this very small change was sometimes positive and some- 
times negative, it may be concluded that it represents the error in 
'weighing. 

Oxalic acid (0213204, 2H2O) was treated in a similar way, but its 

VOL. xcix. M M 
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weight showed a progressive diminution throughout the period r- 
drying, Tlie loss in the third month was found to he due to tl"' 
volatilisation of the acid at the ordinary temperature, feat], 
crystals being deposited on the edges of the silica dish. 

Permeahilify of Crystals to Water Vapour. 

In these experiments a very thin glass flask, of about 5 cc 
capacity, was used, which contained phosphoric oxide. The moutli 
of the flask was expanded into a shallow cup, in which the crystal 
was cemented with paraffin wax. For weighing, a similar flask 
closed by a similar crystal, but not containing phosphoric oside 
was used as a counterpoise. The crystals used were grown for the 
purpose, and were free from cracks and flaws. After weighing, the 
tw'o flasks were placed in an atmosphere containing water vapour 
of less than the maximum tension at the ordinary temperature 
so as to avoid the possibility of the condensation of liquid water 
on the crystals or the glass. Since the flasks were air-tight, the 
increase of weight of the one containing phosphoric oxide represenis 
the amount of water which had diffused through the crystal. An 
experiment was first made with a potassium chlorate crystal, which 
is, of course, anhydrous. The crystal was 0'86 mm. thick. On 
Juno 21st, the flask weighed 7 '05 803 grams, in the following 
September, T'OoSOO grams, sho^ying that water did not passthrough 
the crystal. 

A similar experiment with a telluric acid crystal, T62 mm, in 
thickness, gave the following result : 

AVeiglit of 
flask ami crystal, 

Date. grams. 

,Mav 19ili 1 ’29842 

23rd 1 -29838 

Scyit. 9ili 1-29837 

’ Oct. 22i)d 1 -29839 

Hence it is evident that w'ater does not pass through ihh 
substance. 

With a crystal of copper sulphate 1’93 mm. thick there was a 
gain in weight of the flask containing phosjihoric oxide of 0’044 l 1 
gram between March 8th and July 5th. The daily increase was 
comparatively steady, for the first forty days amounting to O'00034 
gram. During the next thirty days the daily increase was O'OOOSI 
gram. Another crystal of copper sulphate, 2‘31 mm. thick, gave 
similar results, although the average daily increase was less, O'OOOll 
gram 
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Barium Chlonde. 


Crystal 2 ‘5 6 mm. thick. 


Date. 

Jujie ‘23r(i . 
Jnlv 5th .... 
2Ut .... 


Weight, 

grams, 

1L0177-1 

11-01835 

1101879 

11-02310 


Average inci-i ase 
Total increase, per day, 

gram. Days. gram. 

0 00061 26 0-00002 

0-00105 38 0-00003 

0-00536 54 0-00010 


Potassium Ferro ct/anide. 

Water passing through in a direction parallel to the principal 


plane of cleavage. 

Crystal 4’13 



mm. thick. 


1 June 10th 

„ 30th 

July 9 th 

„ 23rd 

11-33188 

11-34273 

11-35487 

11-39035 

0-01085 

0-02299 

0-05847 

20 0-000.54 

29 0 00079 

43 0-00136 


Crystal 4’10 mm. thick. 


II. June 9th . 
,, 30fh 
July 9th . 
„ 23ra,. 


3 52139 
3-5-2689 
3-53179 
3-5.1719 


0-00550 

0-01040 

0-02580 


21 

30 

I'l 


0-00025 
0 00033 
0-00059 


Potassium Ferrocyanide. 


Water passing through at right angles to the principal plane of 


cleavage. 

Crystal 0'74 mm. thick. 





Average ineivase 


Wright, 

lucreusc, 

per dav, 

Date. 

grams. 

gram. 

Days. gram. 

June 9th 

., 2lst 

J Illy 7 th 

.. 23id 

7-68-214 

0-00022 

1-2 0-00002 

7-68803 

7-72310 

0-00589 

0-04126 

2s 0 00021 
•14 0 00094 


Crystal O' 88 mm. thick. 


II. June 9th., 
30th 
Jnlv 7th ., 
23rd 


8-66113 
8-6G253 
8-67H0 
8 70834 


0-00140 

21 

0 00007 

0 01267 

28 

0-00016 

0-04721 

44 

0 00107 


June 23ril 
,, 30th 
July 9th .. 
„ 19th 


S odium Thio sulpha t e. 
Crystal 6*6 mm. thick. 


12-72692 

1-2-73457 

12-7.5666 

12-81539 


0-00765 

0-02974 

0-08S47 


7 0-00109 
16 0 '00186 
20 0-00340 


mm2 
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In order to compare more conclusively the behaviour of 
and anhydrous crystals, plates of anhydrite (CaSOJ and gyps^j^^ 
(CaSO4,2E[20) of the same thickness were mounted in asimilarta^ 
in the necks of bulbs containing phosphoric oxide. They 
exposed with the counterpoise to moist air for three months. Xhc 
anhydrite bulb showed no increase in weight, whilst that containing 
gypsum increased by 7 milligrams. The gypsum crystal showefj 
dehydration on the under side, the upper surface being g|j|| 
bright. 

The transference of water in the case of hydrated crystals i? 
accompanied by the dehydration of the crystal on the side nearer 
the phosphoric oxide. The dehydrating action was in all case« 
confined to the under surface and to that part of it which was not 
protected hy the paraffin wax, so that the scaling of the crystal 
was in no way interfered with hy the dehydration. The mode of 
transference of water vapour through these crystals is ratier 
difficult to decide, but the following experiment seems to showtiat 
the dehydration which takes place is apparently a necessity. 

Crystals of sodium sulphate were placed in a flask, which ^35 
closed by a crystal of copper sulphate, CuS04,5Il20, and the fiajk 
was weighed against another flask also closed by a crystal of copper 
sulphate, but containing no sodium sulphate. Both flasks were then 
placed in a desiccator over anhydrous copper sulphate: 

Thickness of crystal — 1 ‘28 mm. 

AVeight on Ang. 9t}i C + 0'09009 gr:im 
,, Oct. nth CrO OSOOS „ 

Hence, although anhydrous copper sulphate can in ordinarr 
circumstances take up water freely from sodium sulphate, yet umler 
the conditions of the above experiment, the sodium sulphate shorn 
no sign of loss of water during a period of two months, which points 
to the fact that partial dehydration of the crystal must precede tha 
passage of water vapour through it. 

These permeability experiments have an important hearing on 
the question of occluded water. If, as our experiments serm to 
show, partial dehydration must precede the passage of water vapour 
through the crystal, then the method of drying over the partly 
dehydrated salt can have no effect on the occluded water. This is 
confirmed both by the experiment which shows that partly de- 
hydrated copper sulphate could not take up water from sodhim 
sulphate when the latter was contained in a flask closed by a crystal 
of copper sulphate, and by the fact that barium chloridfj 
BaCl2j2H20, even after six months’ exposure in a vacuum to 1 1 
acti^ of the partly dehydrated salt, still contained an excess 0 
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water agreeing very well with determinations by Richards and 

Marignac {loc. 

While these experiments were in progress, a paper was published 
bv Ouye and Tsakalotos (/. Ghim. Phy&., 1909, 7, 215), in which 
a," similar method of drying was described. Barium chloride, in 
quantities of about 2 grams, was dried at 34'5® in the presence of 
about 40 grams of anhydrous barium chloride, to which a few drops 
of distilled water had been added. The distilled water was added 
in order to ensure the presence of the hydrate BaCl2,2r[20 in the 
drying agent. 

Their results obtained for the ratio BaCl2,2H^O : BaCl2 are very’ 
concordant. The mean percentage of water of crystallisation in 
the residue was found to be 14’ 6-765, which is below the amount 
^14-747) calculated from the atomic weights given in the inter- 
national table for 1911. The percentage in our experiments was 
14-772. 

From the experience gained in the previous experiments, we are 
inclined to think that the mere sprinkling of a large amount of 
barium chloride, spread over the bottom of crystallising dishes, 
with a few drops of distilled water does not ensure the eSective 
presence of the highest hydrate. Under such conditions, we think 
that the salt must have been slightly dehydrated in the process of 
drying. 

Conclusions. 

1. It is possible to determine the true weight of a salt containing 
water of crystallisation with the same degree of accuracy as that 
which is usually attained when weighing other substances. 

2. If compounds containing water of crystallisation are of definite 
composition, then the products of constant weight, which are 
obtained by exposing moist crystals to the action of the products of 
their own partial dehydration, cannot contain less than the 
theoretical quantity of -water. 

3. Anhydrous crystals will not allow water vapour to pass 
through them, but salts with water of crystallisation allow this 
passage with varying degrees of freedom. 

4. It is possible to obtain barium chloride with the theoretical 
percentage of water of crystallisation by re-hydrating the anhydrous 
salt in the presence of a substance of higher vapour tension. The 
work is being continued in order to find if this method of obtaining 
salts with their true amount of water of crystallisation is a general 
3ne. 

Chpist CnuRCH, 

Oxford. 
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Wttktnson Luff (1851 Exhibition Scklar 
Nottingham) and Wiiu.a. Bo„ 

^''"' ■ Lon (Trans 1910, 97, 2119, 2151) , 

.,L. — -■»' “’C”,:”' 

. -rvXIl^ 


/CHn-0(0MF.-0H 

CUMe<, - ' 


'-CH;' 


aiitl 

to 

determinecWrth aocntacy^ .-ould be interesting to attempt fte 

rt t,^,l.ia_,,,,„l>exene-3-carboxyHc aerd an tfe 

resolution of rfM-metny y . gtucly tlie physical 

rvith the aid of J^ols and Lc.n.hadiea.. 

properties of the couespo g 200 grams of the 

With this object m view, ^v p p J comparative expen- 

inactive acid, and instituted hope of dis- 

ments with alkaloids and othc ■ he cash- 

covering sonre salt by rneans of ,cry feehte arWi' 

and rapidly effected^ its Llts crystallise, aod the only 

properties of the acid, very few of .,i suitable for fraction#' 

L/s winch we could obtain winch " hu.ipe. In o«r 

crystallisation were those wiy brucm^^d^f^^^ ^ 

first experiments, we mixed the (compare Pop* 

.rth brucine (1 -'0 free -d (1 , 

and Peachey, Trans., 1899, (». y® , islded an acid tk 

which, when decomposed by sodinm carbonate, yi 
rotation of which was only [«]„ -tS » ^ is 

1-he ervstatUne salt which 
therefore, in the main, the brucine salt of th 
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'We now treated tlie acid of [a]j^ +5*0® twice again with brucine 
under the same conditions, and found that the resulting acid had 
I +14*5®. Further experiments in the same direction produced 
onlv a very gradual rise in rotatory power, and it was soon evident 
that very large quantities of material would be required in order 
l^ofTect complete resohition in this way. 

Vfter a series of experiments '\vith /-menthylan'iine, the course 
vhich '^vas ultimately adopted was to obtain, by the brucine process, 
L much of the acid of rotatory power [a]^ + 14*5® as possible, and 
then to continue the resolution with the aid of /-meiithylamine. 

.\t the same time, a considerable quantity of tlic'«7/-acid was 
worked up from the commencement as ^meiithylamine salt, and the 
details of these experiments are briefly described in the experi- 
mental part of this paper. When the sodium salt of the acid is 
mixed with ^menthylamine hydrochloride, a very sparingly soluble 
^alt is obtained, wliich, in the main, is tdie salt of the i/^acid, but 
the separation of this salt into its constituents by fractional crys- 
tallisation is a most tedious process. The difficulty is apparently 
of the same kind as that observed in the case of the resolution of 
r//d-methylc^c?onexylidene-4-acetic acid (Perkin, Pope, and Wallach, 
Trans., 1909, 95, 1794), and to a less extent in the resolution of 
f/M-incthyl-A5-oyc/ohexene-3-ca,rlioxylic acid (Perkin, Trans., 1910, 
97, *2140), and appears to he due to the two constituents of the 
salt separating from solvents in isomorphons mixtures or mixed 
crystals. When the /-meiithylamine salt is crystallised from methyl 
ethyl ketone, it is easy, in two or three operations, to isolate from 
tlie mother liquors small quantities of the Ifevo-acid of the com- 
paratively high rotatory power [ajj, -30°, but the separation of 
the pure salt of the tZ-acid proved to be a very difficult matter, and 
was only partly possible after a large number of fractional crys- 
tallisations carried out under the special conditions described on 
p. 521. Ultimatelv, howe.ver, after several months ivork, we suc- 
ceeded in isolating, on the one hand, an /-menthylamino salt of 
rotatory power [ajj, +5'9°, which yielded, on treatment with sodium 
carbonate, c/-l-methyl-A^-cyc?oliexene-3-carboxylic acid of rotation 
[a]n +40*1®. On the other hand, the systematic treatment of the 
acid, [a]jj -30®, with brucine and /-meiithylamine resulted in the 
separation of /-l-methyl-A^-c^/c/ohexcne'S-carboxylic acid, which was, 
however, not quite free from the f/-isomeridc, since the highest 
rotation recorded wa.s [a]p — 35'8®. 

There is not sufficient evidence that the value 40*1® represents 
the maximum rotation of the active acids, and, indeed, it is very 
doubtful whether this is the case (compare p. 527), hut wo were 
unable to raise the rotation by further fractional crystallisation. 
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The difficulty of the separation of the dr and ?-isomerides may t 
gauged by the fact that, although we started with nearly 200 gr^j^ 
of the externally compensated acid, and every precaution \ 7 as taken 
to avoid loss, we were only able to isolate 13 grams of the tZ-aciiJ 
and 15 grams of the Z-acid with the rotations given above. XliesB 
acids were converted into the esters, and then, by the actiou of 
magnesium methyl iodide and subsequent elimination of 
into 6?- and ^A^-?7^-menthenol(8) and dr and /'A3:8(9)-m-meuthadiene ' 

and 

and the observed rotations of the two series may be conveniently 
tabulated ; 



rf-Sci'ies, 



hl>. 

[«]. 

Z-JIentbylainine salt 

-r 5-9“ 


l-^IothyI-&’-r'/r?oh{^x(Mie-'l-carl)n\v1ic ncitl 

■10‘1 

-- 55' 

Ethyl methyU'd/'^dliexoiiccatbnxvlalo 


28' 

A^-?>^-MentlIOllol{8) 

20-9 

IS' 



17‘5 

1-2' 


The low values for the menthadienes are probably due to 
racemisation during their formation from the menthenols by boilin*^ 
with 5 per cent, oxalic acid. In order to test this, some ethyl 
Z-l-metliyl-A^-cyp/ohexene-3-carboxylate having [a].^ — 23'5° was con- 
verted into A2-m-menthenol(8), and then digested for twelve hours 
with 10 per cent, oxalic acid. The menthadiene obtained was quite 
inactive, but no other intramolecular change appeared to have taken 
place, since this terpene had physical constants almost identical with 
those of a pure specimen of d'^-A2 = ®<^l-?7i-menthadieno (Trans., 1910, 
97, 2154), namely, b. p. 177 — 178°/730 mm., and 1*4991. 

During the course of this research, some of the i^-l-methyl- 
A^-cj/c?ohcxcnc-3-carboxylic acid of rotation [a]jj +40‘P was con- 
verted into d~d: 4:-dibro?n^>’l-methylcyc[oheican-Z-caTboxylic acid: 

by the action of bromine. 

This dibromo-acid was found to melt at 164 — 165°, and to have 
[“]d +28*5°. The corresponding inactive dibromo-acid melts at 
165° (Trans., 1910, 97, 2152). 
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Experimental. 

Resolution of d\-\-Methyl-\^<yc\ohexene-Z-carhoxyUc Acid, 

I Experiments with Brucine. — In eacli experiment, the pure 
acid (12’5 grams) was suspended in bailing water (750 c.c.), and 
exactly neutralised with sodium carbonate, a hot concentrated 
alcoholic solution of tho acid (12 ‘5 grams) and brucine (52*5 grams) 
was then added, and then the whole evaporated on the steam- 
bath, with frequent additions of small quantities of water, until the 
alcohol had been removed. During this operation, crystals began 
to separate, and, on cooling, a large crop of brucine salt was 
obtained, which was collected, washed wdth water, and decomposed 
bv sodium carbonate. The crystalline acid was collected, and found 
to have the following rotation: 0’6395, made up to 20 c.c. with 
ethyl acetate, gave, in a 2-dcm. tube, a -|-0‘32°, whence [ajj, -|-5’0'’. 

This acid was twice submitted to exactly the same process, and 
the product then had [a]^ +14‘5°. The mother liquor from the 
third treatment was acidified, and, after the acid had been distilled 
in steam, it had [a]jj -9‘5°. 

II. Experiments with l-Mentliylamuie .'" — When 120 grams of the 
inactive acid had been resolved to the extent just mentioned, experi- 
ments were made with the object of determining whether the 
separation might not be hastened by using some other active base. 
After several alkaloids had been tried without success, it was found 
that the salts with /-menthylamine were very sparingly soluble, and 
crystallised very readily. Unfortunately^ owing probably to the 
formation of isomorphous mixtures, the separation of the isomeric 
salts proved to bo exceedingly tedious, and, as the whole process of 
separation cannot be given, the following examples will sufficiently 
illustrate the extent to which separation takes place in the most 
favourable cases. 

(A) The dl-^cid (10 grams) was dissolved in .V-sodiiim hydroxide 
(70 c.c.) and water (150 c.c.), and, after heating to boiling, a 
quantity of ^menthylamine hydrochloride (7 grams), sufficient to 
combine with half the acid, was rapidly run in, when the salt 
separated at once as a crystalline mass, and was collected and dried 
on porous porcelain. The acid obtained by acidifying the filtrate 
had a rotation of [ajj^ — 3 '4®, and, after the menthylamine salt had 
been twice crystallised from ethyl acetate (in which it is sparingly 

Tbs Z-meiithylamiae hydrochloride usied in all these experiments had 
o]s “35 -4". 
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soluble in the cold, but readily so on boiling), and decompojg^ 
by sodium carbonate, the acid had [a]j^ +9'0‘^ 

(B) A specimen of the acid, which had [ajn +9-5° (60 grants, 
was dissolved in A-sodium hydroxide (420 c.c.), and mixed 
excess of ^menthyla.Inine liydrochloride (90 grams). The salt whicb 
separated was collected, dried on porous porcelain, and crystallised 
three times from ethyl acetate, when it exhibited the folWin? 
rotation : 

0-7117, made up to 20 c.c. with ethyl alcohol, gave, in a 2-dcin 
tube, a -1-28°, whence [a]^ -18°. 

The mother liquor was evaporated to a small bulk, and the salt 
which separated on cooling, was collected, and the filtrate dccom- 
posed with sodium carbonate, when a small quantity of acid (5 
grams) was obtained, which, after steam distillation, had [a]^ 

A considerable quantity of the acid of [a]j, —10° which had 
accumulated (60 grams) was dissolved in A-sodinm hydroxide 
(420 c.c.), treated with excess of ?-menthylaminc hydrochlorioe 
(90 grams), and the salt recrystallised from the least possihle 
quantity of methyl . ethyl ketone. After collection the filtrate 
yielded, on treatment with sodium carbonate and steam distillation 
in the usual way, 4 grams of an acid, which had [a]^ -30°. 

(G) The acid of rotation [alj, + 14'0°, winch had been obtained 
as the result of the partial resolution with brucine, was dissolved, in 
quantities of 16 grams, in iV-sodium hydroxide (112 c.c.), and mixed 
with /'menthylamine hydrochloride (25 grams). The salt wa? 
collected, dissolved in boiling methyl ethyl ketone, and, when the 
whole had cooled to 40°, the crystalline mass was rapidly collected. 
After this operation had been repeated six times, 8 grams of the 
/-menthylamine salt of the r/-acid resulted: 0’6012, made up to 
20 c.c. with alcohol, gave, in a 2-dcrn. tube, a +0‘36°, whence 
[a]^+5-9° _ _ . 

On further recrystallisalion, the rotation of this salt did not 
alter; it is therefore possibly free from the salt of the /-acid. 

As has already been stated, it is a comparatively easy matter 
to isolate small quantities of the /-acid of rotation [aj^ -30° (seeh',, 
but the purification of the salt of the cZ-acid is always very tedious. 
The best way of effecting this seems to he to dissolve the salt in a 
considerable quantity of a boiling mixture of 90 parts of meth} 
ethyl ketone and 10 parts of alcohol, and then to shake well in a- 
corked flask until the whole has cooled to 46°, and filter rapi f 
])y the aid of the pump. This process is repeated with the crop 
of crystals which separates from the mother liquor until the bu o 
the /-salt has been removed. The large quantities of mother iqn^r 
■which will have accumulated are then concentrated consi era 
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anfi, a^ter the salt has crystallised out, the filtrate is decomposed 
v,'ith sodium carbonate, and the crude, rather brown Z-acid purified 
bv distillation in steam. By repeating these processes many times, 
separation of the d- and Z-isomeridcs is ultimately accomplished. 

^-\-M ethyl’ ^^-^yQ\oheorene Z-carhoxyUc Acid, 

The Z-menthylamine salt of this acid, obtained as described on 
p. 523, has [a]p +5'9®, melts at about 150—152°, and is readily 
soluble in alcohol and in boiling ethyl acetate or methyl ethyl 
ketone, but very sparingly so in these two solvents in the cold. 
The acid, obtained from the salt by decomposition with sodium 
carbonate, was distilled in steam and left in contact with porous 
porcelain until dry; it then melted at 62 — 64° (the (/Z-acid melts 
at 58°) : 

01164 gave 0-2928 CO^ and 0-0914 HoO. C-68-7; H = 8-7. 

CgIIp202 requires C — 68-6; H- 8-6 per cent. 

0-5218, made up to 20 c.c, with ethyl acetate, gave, in a 2-dcm. 
tube, a +2-09° whence [aj^^ +401°. 

Ethyl d-l’Methyl-ii.^-cyc\ohe{,rene-S-carhoxi/late~Tliis ester was 
prepared by digesting the acid (12 grams) with 100 c.c. of 10 per 
cent, alcoholic sulphuric acid for two hours on the steam-bath; 
the product was then diluted with w'ater, and extracted with ether. 

The ethereal solution was thorouglily washed with dilute sodium 
carbonate, dried, evaporated, and the ester distilled, when it passed 
over constantly at 150 — 151°/ 100 mm. 0'6148, made up to 20 c.c. 
with ethyl acetate, gave, in a 2 dcm. tube, a +2-0°, whence 
[a]j5 + 32-5°. 

d-3: A-Dibro7no-l-7nethyIcycloheTan’3-carho.ryJic Acid (compare p. 
530). — In preparing this dibrorno-acid, the f)urc rZ-acid (1 gram), 
dissolved in chloroform (5 c.c.) and cooled to —10°, was mixed 
with a slight exxcess of bromine (1'2 grams), and, after remaining 
ill the freezing mixture for one hour, it was kept at the ordinary 
temperature for two hours, during wliicli a quantity of solid 
separated. The chloroform was allowed to evaporate, the residue 
left in contact with porous porcelain until quite dry, and then re- 
crystallised from formic acid, in which it is sparingly soluble, and 
from which it separates in colourless leaflets, melting at 165°, at 
which temperature the rZZ-dibromo-acid also melts: 

0'2848 gave 0*3567 AgBr. Br = 53*2. 

CgHjgO^Br^ requires Br = 53-3 per cent. 

0’6202, made up to 20 c.c. with ethyl acetate, gave, in a 2-dcm. 
tube, a +1-77°, whence [a]^ +28*5° 
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A curious result was obtained in an attempt to study wbat change 
in optical activity would result if the dihydro-acid ; 

CHMe<™W^>CH, 

could be prepared from the active dibromo-acid by the elimiDation 
df two molecules of hydrogen bromide. A considerable quantity 
(14 grams) of an acid which had [a]p + 17‘4° was converted intott® 
ester; this was dissolved in pure ether, cooled to —10®, and mixel 
with the quantity of bromine calculated for the formation of the 
dibromo-additive compound, a quantity which was rapidly absorbed. 

The ether was then distilled off rinder slightly diminished pressure, , 
and the residue added to a concentrated and boiling solution of 
potassium hydroxide (30 grams) in methyl alcohol, when a vigorous 
action took place and potassium bromide was immediately precipi- 
tated. The product, diluted with water, was nearly neutralised wiik 
hydrochloric acid, evaporated, and mixed with excess of acid, TrlicD 
a syrup separated, which soon crystallised. The acid was collected, 
washed, and separated into four portions by fractional distillation 
in steam, but in each case, after collecting and draining on porous 
porcelain, the acid melted at 60—62°, and consisted of 
A^-cyc?ohexene-3-carboxylic acid, since, when mixed with this acid, 
there was no alteration in melting point. The identity was also 
confirmed by analysis. (Found, C - 68’5 ; H = 8‘8. Calc,, C=68’S; 
H = 8‘8 per cent.) 

The different portions of the acid were mixed, and the rotation 
determined. 

1-1197, made up to 20 c.c. with ethyl acetate, gave, in a 2-dcm. 
tube a +T95°, whence [a]j, -f 17'4°, and therefore no change in 
rotetion had occurred during the course of the above somevbt 
drastic experiments. Since almost the whole of the acid w 
recovered, it is obvious that when ethyl 3 : 4-dihromo-l-methjicjirio- 
hexan-S-carboxylate is digested with methyl-alcoholic potassram 
hydroxide, the alkali acts simply as an a-gent for removing bioiraM. 


d-A*-m-il/enf/ieno((8) and X^-m-m.-MenthadUne. 

CBM.<,“S'5hlkLSS’>cn >"'• 

The synthesis of ^f-A3-/?^-menthenol(8) was earned out by addi^ 
ethyl ^M-metby^A3-cyriohexen^3-caJ^boxylate (12 
ethereal solution of magnesium methyl iodide prepare 
of magnesium, and, after remaining ^ , -n te was 

decomposed by water and distilled in steam. The 
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extracted witt ether, the ethereal solution dried and fractionated, 
when (f.A3-m'mentheiiol(8) passed over constantly at 107—108®/ 
or, jiirn. as a viscid syrup, which exhibited the following properties: 

7 00 / 20 ® 0-9235, M 47-3 (calc., 47'16). 0-7231, made 

up to 20 c.c. with ethyl aoetate, gave, in a 2-dcra. tube, a + 
whence [a] D 

These properties agree closely with those of ^^A*-m-menthenol(8) 
(Trans., 1910, 97 , 2168), which has b. p. 102®/ 14 mm., d 20/20® 
0-9268, % 1-4798. 

In order to obtain A3:®(9)-m-menthadiene, the menthenol -was 
digested for four hours with 5 per cent, oxalic acid, and the product 
distilled in steam. After extraction with ether, and distillation 
first alone, and then twice over sodium, the terpene distilled con- 
stantly at 179®/730 mm., and had n^y 1*4972, whereas 
m-mcntliadienc Qoc, cit., p. 2154) distilled at 181 — 182®/ 760 mm., 
and had % 1-4975. 

0'7U7, made up to 20 c.c. with ethyl acetate, gave, in a 2-dcm. 
tube, a +1-25°, whence [a]j^ +17*5®. 

\.],-Methyl-^^-cyclohea‘ene-3‘Carhox7jlic Acid, V\^-m-M€nthenoI(8), 
and enthadicne. 

In experiment (C) on p. 522, a method is described by which 
/-l-methyl-A^-cyc7ohexene-3 -carboxylic acid may be comparatively 
easily obtained with the rotation [a]^ - 30®, and, when a consider- 
able quantity of this acid had accumulated, it was again converted 
into the ^-menthylaniine salt, and, after a long series of fractional 
crystallisations, an acid (15 grams) was obtained, which exhibited 
the following rotation : 0-7447, made up to 20 c.c. with ethyl acetate, 
gave, in a 2-dcm. tube, a — 2-G7®, wlience [a]p — 35‘8®. No doubt, 
if this acid had again been converted into the Z-menthylamine salt, 
and the fractional crystallisation contiiiiied, an acid of somewhat 
higher rotation would have been obtained, but the loss which this 
must have entailed would liave been serious. 

Ethijl l'l-methyl-^^-cyc\ohex€ne-^-rarhoJcl/late, prepared from the 
acid by means of alcoholic sulphuric acid, exactly as described in 
the case of the corresponding <7-ester (p, 523), distilled at 148 — 150®/ 
100 mm. 0-8239, made up to 20 c.c. with ethyl acetate, gave, in a 
2-dcm. tube, a —2-38®, whence [a]j, — 28'9®. 

enthenol(S) was obtained from this ester (11 grams) by 
treatment with magnesium methyl iodide (AIg = 5 grams) in the 
usual way, and, after distillation in steam, distilled constantly at 
102— 103®/ 14 mm. 0*8111, made up to 20 c.c. with ethyl acetate, 
in a 2-dcm. tube, a —1*50®, whence [a]j, —18*5®. This 
menthenol was digested with 5 per cent, oxalic acid for two hours, 
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and, after distillation in steam, and then three times over sodi^^ 
l-l^'M^lm'menthadiene boiled constantly at 181— 182°/7(3 q 
0 8118, made np 20 c.c. with ethyl acetate, gave, in a 2 -dcm. bi 
a -1*05°, whence [a]p -12*9°. 

The determination of tlic refractive index gave 1*4969. 

The Univkrst'it, 

Manchester. 


LXIL — Expevunents on the Sijntliesis of the Terimw.^ 
Part XVIL iX-X-^-Ment]ienol{f) and 
P'Menthadiene, 


By Tsax Quo Chou and William Henry Perkin, jun. 

The externally compensated modifications of A^-jP“menthenol( 8 ) a,nd 
^3; 8 (J)). 2 ;.nienthadiene were first prepared in 1905 (Perkin and 
Pickles, Trans., 87 , 647) from the ester of dl-l-methy\-X^^cych- 
hexcnc-4-carhoxylic acid by treatment with magnesium methyl 
iodide and subsequent elimination of water: 

CHMe<™2y^l^^>C-00,Et CnMf><™2“l"J>C-C5Ie,-0ll 

--> C^D^e<^lj:y™>C•C^re;CHJ. 

Shortly afterwards, Kay and Perkin (Trans., 1906, 89, 839) 
resolved c?/-l'metliyl-A^“Cyc/ohexene4-carboxyIic acid by means of 
the brucine salt into the d- and /-acids, which were obtained with 
rotations [a]^ -h 101*1° and -100*8° respectively. Prom these 
active acids the d- and /-modifications of A3-p-menihenol(8) and 
were prepared, and the rotations of all these 
substances are tabulated on p. 529. During the progress of these 
experiments on the synthesis of the ter penes, other attempts were 
made to prepare active rneuthenols and menthadiencs by processes 
similar to that just mentioned. Thus, in 1908, Fisher and Perkin 
(Trans., 93 , 1871) resolved 7 /-l-inethyl-A^-ryc/ohexene- 4 -cai*boxyIic 
acid into the d~ and /-acid.s of rotations [otjp +50° and -52° respec- 
tively, and prepared from tliese the d- and /-modifications of 
terpineol which were obtained with the rotations [a]p + 44 2° and 
-46'6°: 






The attempt to convert these active terpineols into the pure active 
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liinoiiencs ^vas not successful^ since, even when the elimination of 
ivater vciia carried out at the ordinary temperature with the aid of 
tiia^nesiiun methyl iodide, the resulting limonene had a rotation 

onlv 3^. 

Shortly afterwards (Perkin, Trans., 1910, 97 , 2131), the resolution 
pf ^//d-methyl-A5'Cyc/ohexene-3-carboxylic acid : 

^as attempted with the aid of ^-mcnthylamine as the active base, 
and the d- and /-acids were obtained with the rotations [a]^ -i-33T° 
and -30'9° respectively. These yielded, on treatment with mag- 
iicsinni methyl iodide and subsequent elimination of water, 
ix;,^:iuvnthcnol(8) and 8(9).^„_Qipnthadiene, which, in the cZ-series, 
had [oJd +36-7° and -t29-6° respectively. 

In the paper directly preceding the present communication (p. 
521), experiments on the resolution of ^//-l-methyl-A^-ryc/ohexcne- 
3 carboxylic acid: 

CH 

arc described, and it is there shown that this acid may be resolved 
with the aid of /-menthylaiiiine into the d- and /-modilications with 
the rotations [a]j, +40T° and — 35'8'^ respectively, and these were 
converted, by the usual methods, into the corresponding d- and 
hmenthenols and menthadienes, of wliich the highest rotations 
observed, in the tZ-series, were [a]p -{-20'9° and -f 17'5‘^ respectively. 
In all these cases, separation of the optically active acids from the 
Gxternally compensated modifications has always been a long and 
tedious process, and there appears to be no doubt that this is largely, 
if not wholly, due to the isomeric salts separating from solvents as 
Lsomorphous mixtures or mixed crystals, which are only very 
gradually resolvable by further fractional crystallisation. This 
difficulty might conceivably be got over if the active base employed 
for the separation could be varied, but the ryc/ohexenecarboxylic 
acids are, unfortunately, so feebly acidic that very few of their salts 
rt’ith active bases are sufiiciently stable or well characterised to 
fnake them suitable for fractional crystallisation. 

When the available data are carefully considered, it is difficult 
:o avoid the conclusion that, in the cases detailed above, separation 
may have, after all, boon incomplete. The salts of the active acids 
ivere probably still partly racemic, and in the form of mixed 
Tvstals, and, for these reasons, separation by further fractional 
crystallisation was practically impossible, at all events with the 
comparatively small amounts of material which were available. 

Confirmatory evidence of this is afforded by the experiments of 
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Fishei and Perkin on tlie resolution of 
3-carboxylic acid (see p, 526). The value observed for tie 
was [a]j, -52°, and that this is probably not the maximum 
is inicated by the fact that the Mcrpineol obtained from this ^ ^ 
had only [aj^ -4 6 ’6'^, whereas an ^te^pineol has been otf • 
from pinene with [a]j)-U7'6° (Ertschikowsky, Ber L 
887 ), ’’ ^ 

Considerations such as these made it desirable that the actaa’ 
extent of the resolution effected by the fractional crystallisation oi 
the salts of the cycilohexene acids with active bases should, at lea^t 
in one instance, be experimentally tested, and we have therefore 
carried out an interesting series of experiments in connexion witb 
the optical activity of l-methyl-i^-cyc?ohexenc-4'CarboxyIic acid- 

which have a direct bearing on this problem. In a communioation 
recently published (Gardner, Perkin, and AYatson, Trans,, 1910 97 
1759, 1767), it was shown that d-l'inethylcyc7ohcxan-3-one (horn 
pulegone, [aj^ +8-8°) is converted, by the action of sodamideand 
carbon dioxide, into a carboxylic acid, in which it was assumed 
that the carboxyl group occupied the position (4) ; 

CHMe<««^CH-CU,H. 

That this acid, which has [a]j, +97 '2°, is, in fact, d-l-mfd'v;- 
cyc^ohexan'S-one-l-carboxylic acid has now been proved ia i- 
following way. When this keto-acid Is reduced with sodiu:;- 
amalgam, it is converted into rf-Pmethykyc/ohexamS-ol-d'carboxvlic 
acid, which has [aj^ “31'8°, and this, on treatment with sulphuric 
acid at 85 — 90°, yields ^'toiuic acid, a proof that the carboxylic 
group in the hexanol acid occupies the position (4) in relation to 
the methyl group. The elimination of water from d-l-metbyt 
cyc?ohexain3-oh4-carl]Oxylh! acid takes place with difficulty, but it 
may be accomplished (p. 533) with the aid of phosphorus tri- 
chloride, and the resulting d-l-mcthyl-i^-oycfobexenc'd-carhoxylic 
acid: 

CH5Ie<li^«‘£’h51[{'>C[f-CO,n CHMe<™£li“>G-Ctlfl 

was found to have [a]j 5 + 150’ 1°. This acid was converted into the 
corresponding d-i^-p-menthcnol(8) and A^-^i^^'p-menthadiene by the 
usual metlinds, and the [aj^ values observed (I) may be convenieJidy 
tabulated in comparison with those previously observed by Eaj 
and Perkin (II) [loc, dl.)-. 
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■ , , v*>thvl-A*-fVcZohcxene- 4 -carlDOXylic acid 

Pilivl (M'-methykv/c?<?liftxeuecarboxylate 

/AM»-Mouthfiiiol(S) 

fM-^p-Menthailiene 


I. n. 

-fiso-r +ioi-r 

122-3 86-5 

83-2 67-3 

100-0 98-2 


This table sho-ws quite clearly that the substances obtained by 
Hay and Perkin had rotations which were only about two-thirds 
of the maximum value. There is, however, one curious exception 
to this, and that is the case of the menthadiencs, which, although 
derived from menthenols of the widely different values as [a]^ + 83-2*^ 
and r67’3®, had, in both cases, practically the same rotations, 
naraelv, -f lOO'O® and + 98 '2°. This seems to indicate quite clearly 
that some racemisation must have taken place in any case during 
the formation of the menthadicne from the menthenol of rotation 
Wi> +83-2° 

That racemisation does undoubtedly take place under certain 
conditions, to some extent at least, is proved by the following 
experiment. 

Pure c?-A^-p'menthenol(8) of rotation [aj^ +83'2^ was converted 
into c/-A^'®‘^^- 2 >menthadiene by two different processes, namely, (i) 
by digesting wirh 5 per cent, oxalic acid, and (ii) by the action 
of magnesium methyl iodide in the cold. The menthadieue obtained 
in (i) had [aj^ -}- lOO'O®, whereas the preparation resulting from 
(ii) had a rotation of [a]^ +90'4° only. Racemisation in un- 
satiirated compounds is usually assumed to be due to the reversible 
migration of the double linking, with consequent loss of optical 
activity, and seems to have been observed previously only in cases 
\\'here the double linking is closely associated with the asymmetric 
carbon atom. 

Thus, for example, Wallach has shown that terpineol yields, on 
treatment with dehydrating agents, not only limonene, but also 
terpinolene and a-terpinene : 


CMe<™';Jl|^2>oH-CJIe20H yields 
Tei'pinool. 

CMe<™“[l{{">CH'CMe:CK 3 and 
Liluoneno. 


®^2>c;oMc, and CM<™ 


Terpinolene. 


a-Tcrpinene. 


This group of terpenes probably represents an equilibrium mix- 
ture, but, however that may be, it is quite clear that, if the terpineol 
in the first instance is optically active, the reversible change into 
terpinolene alone must ultimately result in the inactivity of the 
VOL. XCIX. N X 
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whole, This iriigw-tion of the double linking with conseqi^ig^^ 
of optical activity accounts therefore in a satisfactory manner 
the fact that Fisher and Perkin {loc. cit.) were unable to ol>t 
an active limonene with a rotation of more than 5° ((f-lirnone'^ 
haa [a]jj + 105*^) from active terpineol by the elimination of " 

It is, however, difficult to understand how this explanation ■ 
loss of activity can be applied to the case of racemisation dmin^ 
the elimination of water from c?-A^-p-menthenol(8) : ' 

CHMe<™*]g™>C-CMe2-OH 

since migration of the double linking could hardly affect ih 
asymmetric grouping >CH]\te to wliich optical activity is 
unless, indeed, some profound change in constitution is assumed to 
take place. 

Moreover it is clear that a profound change in constikitioii doc? 
not take place, because the mentliadicne obtained is found to oxiiVi 
all those physical properties which are known to be associated 
with the presence of the conjugated double linking. 

^''ofe hy ir. IL Ferkin.—T\iQ paper by Kay and Perkin alreadv 
referred to (Trans., 1906, 89 , 850; compare ibid., 190.o, 87 , 630) 
contains a description of some of the physical properties of 
j/.^3;8c9}.^.ynenthadiene, which subsequent investigation has sliovi; 
to be incorrect, and wliich has resulted in some confusion (compare 
Perkin and Wallach, Trans., 1910, 97 , 1437). As (his terpcnc vo? 
very carefully prepared from crystalline t/^A5-p-menthenol(5}, and 
had the correct boiling point (184 — 185°), it was difficult to under- 
stand the inaccuracy of the density and refraction values. The 
reason has now been ascertained to be the following one. The 
terpene ^vas obtained in rather small quantity, and was u'aslied 
into the bottle with a little ether and sent to Sudbury for investi- 
gation, the intention b^ng that the final distillation should he 
carried out just before the physical constants were determined. 
This w’as, however, not done, and the determinations were made 
with the specimen in the condition in which it was received. 
specimen has now been re-examined, and, after twice distilling over 
sodium, it gave the following correct values : b. p. 184—185 ; 
d 20/20° 0-8598; 1--1919; M 45-9. Calc, for CmHisF* ^5-24. 
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(14 ;/^^/^^/cycloAcJ^^2?^-3-07^e-4-car6oa’^/^c Acid and d-l-Methylcydo- 
hexan-^~ol~i-carhoxylic A cid^ 

CHMe<pHC2^>CH-CO,H and 

CHMe<;iWOg>CH.CO,H. 

(/4-Metbykyc/oIiexan-3-one-4-carbc>xylic acid had already been 
prepared in small quantities by Gardner, Perkin, and Watson 
(Trans., 1910, 97, 1767) from r7-PmetliyI«/c/oliexaM-3-onc (from pule- 
gone) by the action of sodamide and carbon dioxide at tlie ordinary 
temperature on its solution in light petroleum, but the yield obtained 
at that time was very unsatisfactory. ’As it was necessary to obtain 
a large quantity of this acid for tlie experiments described in the 
present communication, we made a number of comparative experi- 
ments, and succeeded in working out the following method of pre- 
paration, which gives excellent results. d-l-MethyIr^c/ohexan-3-one 
(from Schinimel, [oc]^ +8-S°), in quantities of 100 grams, is dissolved 
in one and a-quarter litres of light petroleum (b. p. 50 — 60^) in a 
tliree-iiecked flask fitted with a reflux condenser and mechanical 
stirrer, and the whole heated to boiling on the steam-bath. The 
steam is then turned off, the stirrer set in motion, and powdered 
sodamide (40 grams) added in several portions during twenty 
minutes, when a rapid evolution of ammonia takes place. A rapid 
current cf carefully dried carbon dioxide is now' passed, wlien. 
reaction readily occurs with sufficient rise of temperature to keep tho 
light petroleum boiling, and, in a short lime, a quantity of the 
sodium salt of tho ketonic acid separates. As soon as tlie liquid 
ceases to boil, the steam is turned on again, and the jiassage of the 
carbon dioxide continued for three and a-half hours • the contents of 
the flask are allow^ed to cool, and washed into a separating funnel 
\\ith sufficient icc water to dissolve ail the sodium salt. The aqueous 
layer is separated, filtered, if necessary, and acidified with ice-cold 
dilute hydrochloric acid, wdien the ketonic acid separates as a 
ciystalline mass, which is collected and drained on porous porcelain, 
riie yield of air-dry acid is usually about 70 grams, but on more 
than one occasion 90 grams have been obtained ; in this condition 
it is pure enough for conversion into the hydroxy-acid (see below). 
-The pure keto-acid is obtained from this product by dissolving in 
ether, extracting with sodium carbonate, and cautiously adding 
dflute hydrochloric acid to the alkaline solution until traces of 
}ellow impurity have been precipitated. After filtering, the filtrate 
eposits, on acidifying, pure uM-methyk^fZohexan-3-one4-carboxylic 
acid as a colourless, crystalline mass. The petroleum layer, 

N N 2 
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Separated from tne soaium salt of the acid in the manner described 
above, yields, on evaporation, a good deal of unchanged keto 
which is readily purified by distillation in steam. ’ 

diA‘MethylcyQ\ohexan-Z-ol-A-carhoxylic Acid, — In preparing 
acid, c?-l-methykyc/(?hexan-3'One-4-carboxylic acid (15 grams) is 
solved in sodium carbonate, diluted to one litre with hot water (5oo\ 
and reduced in a wide-necked bottle with one kilo, of fresMy pj-g! 
pared sodium amalgam (3 per cent.), which is added all at once 
During the operation, which takes about three hours, a rapid 
current of carbon dioxide is passed, the whole is vigorously stirred 
by a mechanical stirrer, and the temperature gradually raised to 
70*^ by circulating a stream of hot water round the bottle. After 
remaining overnight, the aqueous liquor is decanted from the 
mercury, acidified with hydrochloric acid, and distilled in steam. 

By this means, unchanged keto-acid, which is always present is 
decomposed, the ketone passes over and is recovered from the 
distillate. The liquid in the steam distillation flask is evaporated 
on the steam-bath until a pale yellow oil commences to separate* 
it is then saturated with salt, and extracted three times with ether. 

After drying over anhydrous sodium sulphate, and evaporating, 
the ethereal solution deposits a viscid syrup, w^hich gradiullv 
becomes semi-solid; it distils at 185 — 190°/ 22 mm., but with some 
decomposition, and the distillate has [aj^ about *-7'5° (compare 
p. 528). This doubtless consists of a mixture of the ck~ and tram- 
modifications of (^-l-methylryc/oliexan-3-ol-4-carboxylic acid. 

The best way to purify this hydroxy-acid is with the aid of its 
ethyl ester, which is readily prepared by digesting on the steam- 
bath with a large excess of 10 per cent, alcoholic sulphuric acid for 
two to three hours, The ester is isolated by diluting with water 
and extracting with ether in the usual manner, the ethereal solution 
washed with sodium carbonate, dried, evaporated, and the residue 
fractionated, when almost the whole quantity passes over at 
135°/20 mm.: 

0-1679 gave 0-3961 CO. and 0-1484 H^O. C = 64-4; E=9-8. 

CioHjgOg requires 0 = 64*5; H = 9‘7 per cent. 
d 20/20° 1-026; 1*458; AI 49-25 (calc., 49-51). l‘O221,mad0 

up to 20 C.C., with ethyl acetate, gave, in a 2'dcm. tube, a +0‘6° 
whence [ajj^ + 5-9°. 

Conversion of d-l-Met/uylcyclohexan-Z-olA'Carboxylic Acid udu 
p-Toluic A cid. — The hydroxy-acid employed in this experiment was 
the crystalline modification obtained by leaving the semi-solid mix- 
ture direct from the reduction of the keto-acid in contact wit 
porous porcelain. This acid dissolves readily in coiiccnti^ate 
sulphuric acid, aiid, when the colourless solution is heate 
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evolution of sulphur dioxide occurs f?eely with very little 
darkening. 

After a few minutes, the hot solution is diluted with water, the 
crystalline precipitate collected, washed well, dissolved in dilute 
so(liiun carbonate, and digested with animal charcoal. Finally the 
acid is again precipitated and crystallised from dilute acetic acid. 
^Found, C==^0‘5; H = 6 0. Calc., C = 70'6; H=5'9 per cent.) 

This acid separated from dilute acetic acid in colourless, glistening 
needles, melted at 177 178°, and had all tlie properties of p-toluic 

acid. The identity was further proved by mixing it with a specimen 
of pure p-toluic acid, when there was no alteration in the melting 
point. 

di-l-Me4hyl-\^-cyQ\ohexene-i-carhc>xijric A cid, 

The conversion of d''l-methylcyc/ohexan-3-ol-4-carhoxyIic acid into 
^/-l-methyl-A^-c'ycZohexene-4-carhoxylic acid by the elimination of 
water does not take place very readily, but digesting the hydroxy- 
acid with acetyl chloride containing phosphorus trichloride, and 
distilling the product first under diminished pressure and then in 
steam, yields small quantities of the uiisaiurated acid. Other 
dehydrating agents give a similar result, hut the best yield is 
apparently produced under the following conditions. Ethyl 
d-l-methyicycfohexan'3-ol-4-carboxylate, in quantities of 10 grams, 
is digested on the water-bath with an equal w’eight of phosphorus 
trichloride for one hour, and then heated to boiling on the sand- 
bath for half an hour. 

The orange-coloured product is poured into excess of alcohol, and, 
after two hours, water is added, the ester extracted with ether, the 
ethereal solution washed wulh sodium carbonate, dried, evaporated, 
and the residue distilled, when crude ethyl </-l-methyl-A3-cvr7o- 
hexene-4-carhoxylate passes over at 148— lo6°/100 mm., the yield 
being about GO to 70 per cent, of that theoretically possible. The 
ester is hydrolysed by digesting with excess of methyl-alcoholic 
potassium hydroxide, and, after diluting with w'ater, evaporating 
until free from methyl alcohol and acidifying, the semi-solid pre- 
cipitate is collected and distilled in a current of steam. The 
unsaturated acid passes ever with some difficulty, but in a pure 
condition, and is collected and left in contact wuth porous porcelain 
until dry. From the aqueous filtrate, a further considerable 
quantity of acid is recovered by neutralising, evaporating to a small 
bulk, and acidifying : 

OTIOI gave 0'2760 CO^ and 0’0849 HoO. H = 68*5; H-8’6. 
^ 8 Sj 203 requires C = G8’6j H^8’6 per cent 
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1'007, made up to 20 c.c. with ethyl acetate, gave, in a 2-d 
tube, a +15*02° whence [a]j, +150*1°. 
i-carhoxylic acid is very sparingly soluble in water, but the 
concentrated solution deposits the acid as a chalky powder, ^vhich 
under the microscope, is seen to consist of well-defined, elongat d 
four-sided prisms. It melts at 136—137° (the (7/-acid melt / 1 
134°: Trans., 1905, 87 , 646), and the solution in sodium carbona+ 
reduces permanganate instantly. 

Ethyl d-l-Mefhy!-^^-cyc\ohex€ne-i-carhoxylate.~T\i% ester obtained 
by the action of phosphorus trichloride on ethyl <7-l-met}iTlry^// 
hexan-3-ol-4-carboxylate (see above) is far from pure, and usuallv 
has a rotation of [a]j^ +65° only; the pure ester is obtained from 
the pure acid by means of alcohol and sulphuric acid, but esterif 
cation takes place with some difficulty, especially in the cold. The 
acid (18 grams) was left in contact with alcohol (200 c.c.) and 
sulphuric acid (15 c.c.) for tA\enty-four hours, and then heated hir 
three hours on the steam-bath. After adding water, tho ester was 
extracted with ether, the ethereal solution washed with sodium 
carbonate (which extracted 3 grams of unchanged acid), dried 
evaporated, and the ester distilled, when it passed over constantlv 
at 151— 152°/100 mm.: 

0*1094 gave 0*2870 CO. and 0*0954 HoO. C=:71-5; H-9*7. 

requires 0^71*4; H = 9*5 percent. 

d 20/20° 0*9757; n-^ 1*4688; M 47*9 (calc., 47*3). 0*9639, made 
up to 20 c.c. with ethyl acetate, gave, in a 2-dcm. tube, a +11*79^, 
whence [a]^ +122*3°. 

d-Z-BromoA-methyhydohexanA-carhoxyUe Acid.'^ — In order to 
prepare this acid, r/-l-metliyl-A^-cy/c/ohexenc-4-carhoxylic acid wa.s 
mixed with a large excess of fuming hydrobromic acid (saturated at 
0°), in which it gradually dissolved, and, after remaining over- 
night, the product was heated at 80° for one hour and then mixed 
with three volumes of water. The bromo-acid, which separated as a 
voluminous, crystalline mass, was collected, washed, and crystallised 
from formic acid, from which it was deposited, on slow cooling, as 
a mass of asbestos-like threads, melting at 133 — 134°: 

0*1633 gave 0*1395 AgBr. Br=:36*4. 

CgH^gO.iBr requires Br = 36*2 per cent. 

T18G6, made up to 20 c.c. with ethyl acetate, gave, in a 2-dcm. 
tube, a +8*50°, whence [a]j5+71*7°. This bromo-acid dissolves 
readily in sodium carbonate, and when the solution was boiled, 
,a small quantity of an oil having the odour of a bromo 

* Th<i corresponiUng f^Mwonio-aeid ha? n,lri!aly been described (Trans.. 1905, 87, 
6 4 6), blit the tin-lting [loint was accileiitdly oiifit-ted, It softens at lila'^aud nu'lt.'! 
at 140-I42b 
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bvtlrcH'arbon separated, and, after this had been removed, the 
alkaline solution gave, on acidifying, a colourless precipitate of 
M nicthyl-A’'r?/r?ohexene-4-carbpxylic acid, which melted at 
1 ‘ 14 — 136®, and had approximately the same rotation, [a]^ + 150®, as 
Vfore the conversion into the bromo-acid. 

d-3i iJ)ibroino-h7neihj/IcyclohexanA-carho.TyIic Acid, — This di- 
l.i-oinoacid is readily obtained when d-l-methyl-AS-cye/ohexene- 
4 .t.arboxyIic acid, dissolved in chloroform and cooled to -10®, is 
iidxcd with a chloroform solution of the calculated amount of 
bromine. Addition takes place slowly in the cold, but if the tem- 
praturc of the solution is allowed to gradually rise to 17°, the 
colour of the bromine disappears, and the chloroform solution 
deposits, on evaporation in the air, a solid residue. After remain- 
ins in contact with porous porcelain until dry, the substance was 
crvsta.llised from formic acid, from which it separated as a colourless, 
glistening mass of flat needles, melting at about 158°: 

0T591 gave 1T990 AgBr. Br — 53T. 

CgH]202Br2 requires Br = 53'3 per cent. 

0'9364, made up to 20 c.c. with ethyl acetate, gave, in a 2-dcm. 
tube, a +9'58°, whence [a]^ +102*2°. This dibromo-acid dissolves 
readily in sodium carbonate, but the solution, on boiling, does not 
deposit a bromo-hydrocarbon, as has so often been observed in 
analogous cases. 


Ifcfhiction of d-l-M€thyl-S.^-cyclohex€7ie-i-ca/hoxi/Iic Acid. Forma- 
tion of the cis- and iiaji^-Modifications of l-d/(?^/iy?cyclo/iC 5 ;«w- 
i'carhoxylic Acid. 

The reduction of (^-l-methyl-A^-cyc/ohexene-d-carboxylic acid was 
carried out with colioidal palladium and hydrogen according to the 
e.xcellent method described by A. Skita (Jitr., 1909, 42, 1630), with 
the modification that the process was conducted at the ordinary 
pressure instead of under a pressure of two atmospheres. Gum 
arabic {5 c.c, of a solution of 25 grams in 100 c,c. of water) was 
diluted with warm water (200 c.c.), mixed with a solution of the 
unsaturated acid (15 grams) in alcohol (200 c.c.), and, after cooling 
to 25°, a solution of palladous chloride (1 gram) in water was 
added. The solution was transferred to a long, narrow cylinder, 
and hydrogen passed in for two days; the product was then distilled 
in steam, when an oil passed over at first, but towards the end of 
the distillation this crystallised. 

The distillate was neutralised with sodium carbonate, evaporated 
to about 300 c.c. and mixed with powdered ice and a few c.c. 
3f permanganate solution, and allowed to remain for one hour, but 
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hardly any decoloration of the permanganate took place, - 
that reduction was practically complete. After removing the 
of permanganate with sodium sulphite, the acid was liljeraterr 
hydrochloric acid and again distilled in steam. The distillate ’ 
extracted with* ether, the ethereal solution dried, evaporated 
the residual oil fractionated, when almost the whole passed orer? 
141°/20 mm. as a colourless oil, which, in the ice chest den 
a quantity of crystals. The product was transferred \o Zo? 
porcelain, and, when the oil had been absorbed, the resj'^ 
(2 grams) was crystallised from a little formic acid; it consisted 
then of pure tTan^'l~?neth}/Icycl(yhexa7i-A-carhoxi/Uc acid: 

01154 gave 0-2853 CO. and 0'1031 H^O. C = 67-4; n=^9-9 
CgHjP. requires C^67-6; per cent. 

This acid melted at 112^, and is obviously identical with the 
hexahydro^;5-toliuc acid described by Perkin and Pickles (Trajis^ 
1905, 87 , 644). The pdoluidide was prepared by warmiin' th^ 
acid (1 gram) with phosphorous trichloride (O'S gram) on the water- 
bath, and then mixing with an ethereal solution of pholuicline 
(5 grams). The ethereal solution was washed with water, dried 
and evaporated, during which operation the p-toluidide, whioh 
is rather sparingly soluble in ether, separated in crystals. It is 
readily soluble ir alcohol, and separates from 80 per cent, alcohol 
as a glistening mass of hat prisms, which melt at 179—180°: 

0-1482 gave 8‘4 c.c. at 17° and 735 mm. K = 6-3. 

CjgHoiON requires N’==6'l per cent. 

The porous plates used in the purification of the fm;^s-acid were 
extracted with ether in a Soxhlet apparatus, and the oily acid 
boiled with much water and freshly precipitated calcium carbonate. 

When the filtered solution w’as concentrated on the waterhatb. a 
calcium salt separated in long needles; this was found to be the 
calcium salt of the ^ra^j.s-acid, and, on acidifying, O' 7 gram of this 
acid separated at once in the crystalline form. On further concen- 
tration, the mother-liquors of this calcium salt deposited a second 
crop, which consisted principally of the salt of the c?Vacid, and. 
when this and a further crop had been removed, the filtrate yielded, 
on acidifying, an oily acid which distilled constantly at 140°/20nim. 

After the purification of the calcium salt had been repeated, the 
cis-l-methi/Icyclohexan-i-carhoxylic acid was analysed: 

0-1149 gave 0'2827 COg and 0*1034 HgO. C = 67'2; H = 10-0. 
CgHj^O^ requires C = 67'6; H = 9*8 per cent. 

The p-tolindide of this acid was prepared in the way already 
described in the case of the trr/ns-a,c{d. It is more soluble in 
or alcohol than the T^toluidide of the trans-a/^id, and separates 



synthesis of the TERPENES. part XVII. 537 

. 70 per cent, alcohol in colourless needles, -which soften at 

135 =* and melt at 142 — 143® : 

0- 1833 gave 10'3 c.c. Ng at 15® and 736 mm. N = 6’4. 

CJ 5 H 21 ON requires N = G -1 per cent, 
far as could be judged, the product of the reduction of 

1- mcthyl-A^-cyc^ohexenc-l-carboxylic acid, under the conditions 
described above, consists of about 75 per cent, of the cis- and 25 per 
cent, of the ira^^s-acids. 

d^^^ p-MenthenoI{S) and d-A^- 

In order to prepare the former of these substances, pure ethyl 
c/-hmetliyl-A3^cyc/ohexene-4-carboxylat6 (20 grains) was added to an 
ethereal solution of magnesium methyl iodide (containing 9 grams 
of magnesium), and, after remaining for twenty-four hours, water 
\^a.s added and the product distilled in steam. The ethereal 
extract of the distillate was dried, evaporated, and the residue 
distilled, when almost the whole quantity passed over at 105®/ 
20 min. : 

0-1414 gave 0-4028 CO^ and 0-1502 K.O. 0-77*7; H-lhS. 
CjQHjgO requires C — 77-9; H — 11-7 per cent. 

d 20/20° 0-9236; tij, 1-4783; M 47-2 (calc., 47-2). 0*9099, made 
up to 20 c.c. with ethyl acetate, gave, in a 2-dcm. tube, a -}-7-57®, 
whence [a]p + 83'2°. d-l^~p-J/ent/ienol(8) is a colourless, rather 
viscid oil, which, even on long keeping in the ice chest, showed no 
signs of crystallising; it possesses a pungent odour, recalling that 
of peppermint and cymene. 

d-A^‘^(^^-p-Afeni7iadicne was first prepared by boiling the puro 
menthcnol (15 grams) with 200 c.c. of 5 per cent, oxalic acid in a 
refux apparatus for ten hours witli frequent shaking, when elimina- 
tion of water was practically complete. The product was distilled 
in steam, the distillate extracted with ether, the ethereal solution 
dried, evaporated, and the terpene distilled twice alone and then 
three times over sodium, when it boiled constantly at 184 — 185®/' 
776 mm.: 

0*1296 gave 0-4183 CO^ and 0-1356 H.,0. C-88'0; H = ll-7. 

CjoHjf, requires C = 88 ' 2 ; 11 = 11*8 per cent. 

The amount available for the density determination was so small 
that the value obtained must be accepted as approximate only. 

^16/16® 0-8649; 77 ,, 1’4965; M 45-9; calc, for •^^‘24. 

0 S544, made up to 20 c.c. with ethvl acetate, gave, in a 2 -dcm. tube, 
“ -r 8 54°, whence [a]p -f- lOO'O®. For reasons stated in the intro- 
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duction eo this paper (p. 529), it seemed probable that racembatioji 
had taken place to some extent during the formation of this leiper,^ 
from £f-A3-j?-inenthenol(8) under the conditions just described, and 
that the value [a]j, + 100"" does not represent the maximum rotation 
of the terpeiie. In order to test this supposition, the folb^^-ii!? 
experiment was carried out. Pure ethyl ^f-l-methyl-A^-ryfbhejfine. 
4-carboxylate (12 grams) was added to magnesium methyl iodide 
(containing 7 grams of magnesium), and, after remaining overnigb 
and then warming on the stcam-bath for one hour, the product ’was 
mixed with water and dilute hydrochloric acid and distilled in 
steam (compare footnote, Trans., 1910, 97 , 21;)4). The ethereal 
extract of the distillate was dried, evaporated, and the residue, 
which distilled almost completely below 85°/20 mm., three times 
fractionated over sodium. 

The ^^^l- 2 >mentljadiene thus obtained distilled constantlv at 

182 183^/760 mm., and had an even lower rotation than tlie 

preparation made by the first process. 0‘S410, made up to 20 (.-.c. 
with ethyl acetate, gave, in a 2-dc'm. tube, a +7*6^, whence 
[a] ^+90-4°. 

The authors wish to state that much of the heavy expense of this 
investigation was met by a grant from the Research Fund of the 
Royal Society. 

The Univeksitv, 
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L\][\.—The Optical Properties of CoinpoumU Onr 
taininej an Apjiurnetric ''Quaternary Carbon 
Atom. Part 1. The Synthesis of ^-Phenyf-j^- 
methylvaleric Ac-td arid oj n'6~MethyleiJiylsae.ann 
Acid. 

By John Kenneth Harold Inglis. 

Although it has been known for many years that an opticall} 
active compound often loses its activity on keeping, or on treat 
ment with certain reagents, yet very little has been discovere la 
regard to the mechanism hy w’hich such changes take place. 
in most optically active compounds hitherto investigated, one ^ 
the four groups of the asymmetric grouping is a hydrogen a om 
or a halogen atom, or a hydroxyl group. If the asymmetiic grow 
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. ^ contained only groups which were less reactive tlian these, we 
«iiou!d expect it to be correspondingly more stable as regards 
raceini^ation ; and it therefore seemed that the study of the asym- 
'ftric ‘‘ quaternary carbon atom might throw some light on the 
piccluinism underlying these changes. An increased stability for 
sacli a cla.ss of compound is shown in the case of the camphoric 
Here, of the two asymmetric carbon atoms, one is tertiary 
'^j5d the other quaternary. When an active form of camphoric 
acid is healed, only one of these groupings undergoes racemisation, 
the (juaternary grouping being unchanged. Thus c/ camphoric acid, 
on lieating, gives some /'Wocamphoric acid, and, similarly, Z-cam- 
jdioric acid gives some r^^.socampl^oric acid. The complete racomisa- 
lioti of (h or Z'Camphoric acid docs not appear io take place. The 
lichaviour of such a substance therefore showed that the study of 
compounds which owed their whole activity to an asymmetric 
niMterna-ry carbon atom might be profitable. 

* The first type of compound investigated was one in which the 
four croups of the asymmetric grouping were an acid group and 
tliree livdrocarbon radicles. An acid group was necessary to ensure 
tlm substance being easily resolved by means of alkaloids. It was 
necessary also to have a crystalline substance, in order that it might 
liC easily purified. An acid containing a carbon atom linked to 
the four groups methyl, ethyl, phenyl, and w'as 

therefore prepared by the following series of reactions, Aceto- 
plienoiie was treated wnth magnesium ethyl bromide, and the tertiary 
ulcohol isolated. This alcohol, on treatment with hydrogen 
('hloride, gave the corresponding chloride, which, however, could 
not be purified by distillation, and was thei efore used in the crude 
.date. The crude chloride, on treatment with sodiomalonic ester, 
gave a small yield of a derivative of malonic ester, from which, 
alter saponification, the corresponding acid could be obtained. This 
acid could be purified by recrystallisation, and, on heating, lost 
carbon dioxide and gave the required acid. 

This acid, however, has shown itself unsiiitcd for further experi- 
meut. It is a liquid at the ordinary temperature, and does not 
even form well-crystallising salts, except with quinine. The brucine 
salt, for example, could only be obtained as an oil. Fractional 
crystallisation, however, of the quinine salt did not appear to give 
a resolution of the acid. An equally unsatisfactory result was 
obtained with the closely-related acid containing a propyl group in 
place of the ethyl. A small quantity of this acid was prepared, 
but it also seemed to be a liquid. It was, therefore, not more 
closely studied. 

As tliese monobasic acids had thus shown themselves unsuit^d 
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for the experiments in view, an investigation has been made of 
acid of a somewhat different type. as-Methylethylsnccinic acid has 
already been prepared in several ways, and shown to he a crystallin 
solid melting at 104°. The most convenient method of preparation 
seemed to be that due to Higson and Thorpe (Trans., igog 
14G7). According to these authors, if the sodium derivative of 
cyanoacetic ester suspended in alcohol is treated with the cvariv 
hydrin of methyl ethyl ketone, an 80 per cent, yield is obtained of 
ethyl aj8-dicyanO“;8-methyl-j8-ethylpropionate (ethyl aAdicvano. 
jS-methylvalerate), an oil boiling at 162°/ 20 mm. Tliis oil. oa 
hydrolysis, gives a good yield of methylethylsuccinic acid. I have 
employed their method of preparation on several occasions, hut 
have been unable to obtain a better yield than 40 per cent The 
oil obtained boiled at 165°/19'5 mm., and on analysis proved to 
be pure. In Higson and Thorpe’s experiments, the product, 
judging from the results of the analysis, must have beea far from 
pure. 

ffs-Metliylethylsuccinic acid is readily soluble in water, and form 
crystalline salts with brucine and quinine. The quinine salt, on 
fractional crystallisation, can be separated into two fractions, froic 
which the active forms of the acid may be obtained. The brucine 
salt, on the other hand, is very easily soluble in water, and fractional 
crystallisation did not apparently effect a resolution. 


Frt'parntion of rhcnyhnethylethylcarhinol. 

This alcohol was first obtained by Klages 1903, 35, 35D61 

in the preparation of a styrene by the action of magnesium cthvl 
iodide on acetophenone. He did not, however, obtain the substance 
in a very pure state. The following process was found to give a 
satisfactory result: 24-4 grams of magnesium (1 atom) were 
dissolved in a mixture of about 110 grams of ethyl bromide (1 mol) 
and 500 c.c. of dry ether. When all the magnesium had dhsolved, 
the solution was cooled, and a solution of 115 grams of acetophenone 
(1 mol.) in 500 c.c. of dry ether was added slowly, the mixtiir" 
being well shaken and the temperature kept below 10°. When all 
had been added, the mixture was left to remain in ice for U hours. 
Excess of ice and hydrochloric acid were then added slowly The 
ethereal solution w^as separated, washed well with aqueous sodium 
hydroxide, and then kept over solid potassium hydroxide. The ry 
ethereal solution was then distilled, and, after the ether had eeii 
removed, the distillation was continued under 20 mm. 
most of the liquid then passing over at 107 — 112°. It was oun 
that if every trace of acid w^as not removed, the alcohol decompose^ 
even on distillation under diminished pressure, into ole ne an 
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^nter. A small amount of decomposition took place, even when 
there acid present j but distillation under a lower pressure 

rave, finally, a nearly pure specimen, boiling at 106‘5- -108*5°/ 
13 mm. (Found, C=79*8; H = 9*37. Calc., C = 80'0; H = 9*3 per 

cent.) 


Pre'paraUon of Phtnijlmethylethylcarhijiijl Chloride. 

This substance was also prepared by Klages (loc cH.) by the 
action of hydrogen chloride on the alcohol. It was found to decom- 
pose on distillation, even in a vacuum. The crude chloride, 
therefore, diluted with ether, ^vas washed free from acid, and, after 
(Irving, the ether was removed by distillation in a vacunra up to 
4(,P. The bromide was also prepared, but was no more stable. 
The percentage of halogen wms estimated by boiling with dilute 
nitric acid and an excess of standard silver nitrate, the excess of 
silver being determined by means of thiocyanate. The purest 
specimen of the chloride contained Cl— 19*6, where as C^oII^sCl 
requires Cl — til' 1 per cent. The purest specimen of the bromide 
contained Br=^34'6; Calc., Br^37*5 per cent. 

Condenmtion of the Chloride icith Podlomalonic Ester. 

This reaction was carried out under various conditions, but in 
no ease was a good yield of condensation product obtained. Most 
of the chloride was converted into the olefine, and only a small 
portion condensed with the malonic ester. The following procedure 
gave the best yield : 4*6 grajns of sodium were dissolved in 50 c.c. 
of alcohol, and 36 grams (a slight exc'css) of malonic ester added. 
This mixture was cooled to the ordinary temperature, and an 
amount of crude chloride, containing 33 grains of pure chloride, 
was added. The mixture was left for twenty hours, and then 
heated on the water-bath for four hours. The alcohol was then 
distilled off, water added, the oil was extracted with ether, and 
the ethereal solution dried. After removal of the ether, the 
ciistillaiion was continued under diminished pressure, most of the 
liquid boiling at 95 — 105°/25 — 30 mni.; but a small fraction 
remained in the flask, and Anally boiled at 190 — 200°/ 25 mm. The 
weiglit of this fraction was 4 — 5 grams. Several portions of this 
substance obtained in this way -were mixed and redistilled, when 
the boiling point was 182 — 187°/ 16 mm. This oil was not analysed, 
but was immediately saponified by heating with 40 per cent, 
potassium hydroxide and a little alcohol on the water-bath. In 
aoout one hour the saponification w^as complete, and from tho 
iqnid after dilution with water and acidifying with hydrochloric 
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acid, an acid was extracted which dissolved easily in warm TraUi 
but separated as an oil on cooling. This oil became crystiHij^g 
after some time, and after repeated crystallisation melted at 
134*5—136°; 

0'1762 gave 0’4288 CO^ and 0’n24 HgO. C = 66*36; H = 7 i(X 
0'0892 (silver salt) gave 0*0423 Ag. Equiv. of acid = U8. 

requires C“66’l; II = 6'78 per cent. Equiv.-ij? 

It is evident, therefore, that the condensation product ^vas th 
ester of a-'pkenyi-sec.-bufylmalonic acid, 

CHs*Cn2’CMeFh‘CIT(002H)2. 

In the above condensation the bulk of the substance 
recovered as a liquid boiling at 95 105°) 25 30 mm. X]i;j 
consisted of a mixture of nialonic ester and the olefii'c, 
CH^xCIECMePh, prepared by Klages (loc- cit.). This olelhe, on 
treatment with hydrobroinic acid, yielded an oil, which, on 
condensing with sodiomalonic ester and subsequent treatment a> 
before, gave further quantities of apparently the same acid; for 
the tw'o substances melted at almost exactly the same temperature 
as a mixture of them. Hence we may conclude that the oleiine 
combines with hydrogen bromide to give the same bromide as wmiid 
be obtained from the alcohol. 

Fre2)aration of ^dFienyh^-viethylvaUric Acid. 

The malonic acid derivative, on being heated, began to lose 
carbon dioxide at a temperature slightly above its melting point. 
There remained an oil which showed at the ordinary temperature 
no signs of crystallisation. On cooling a solution in dry eilier. 
crystals w*ere formed, but could not be isolated. They appeaiel 
to melt below 0°. The acid was distilled under diminished pressure, 
and boiled at 174°/ 14 mm. The sodium salt was prepared, but 
did nob crystallise from water. It was readily soluble in alcohol, 
but could not be recovered from it in a pure crystalline foim. 
The silver salt was therefore prepared and analysed; 

0'2173gave0'0780 Ag. Ag^-35-9. 

0*2257 „ 0*3983 CO.., 0*1042 lEO, and 0*0812 Ag. C-4bl, 
H=:.5*l; Ag = 36*6. 

CisII^jOoAg requires C = 4S*2; H = 5'0; Ag = 36*l per cent. 

The acid, therefore, evidently has the formula 

CHa*CH2'CMePh*CH2-C02H. 

A it emitted 'Resolution of the Acid. 

When the acid was dissolved in sodium hydroxide, ® 
of alkali uoutralised with hydrochloric acid, and a sou 
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quinine hydrochloride added, a gummy precipitate ^vas formed, 
w-hicii rapidly became solid. This was collected, and found to be 
cp;uiii 2 :ly soluble in boiling water, and to cr3-stallise out on cooling. 
Ir was^ however, very readily soluble in absolute alcohol, and was 
rtH'rvstallised by adding small quantities of water to a concentrated 
alcoiiolic solution. The salt melted at 86—88®, and was repeatedly 
crvstcrlliscd from aqueous alcohol in order to effect a resolution. 
Tlie various fractions, however, bad approximately the same melting 
point and specific rotation, showing that no resolution had taken 
place. 

Synthesis of a-rhemjha-methylhutyJrmdoiuc AcuL 

Pheiiylmethylpropylcarbinol was prepared by Ivlages {Ber., 1902, 
35, 2643) by the action of magnesium propyl iodide on aceto 
phenone. Under the action of hydrogen chloride it gives the 
chloride, which, like the other chlorides of this type, decomposes on 
distillation. Fifteen grams of tliis chloride were prepared and 
condensed with sodiomalonic ester. The mixture was left over- 
night, and then heated for six hours on the water-bath. The 
alcohol having been distilled off, water was added. The oil wliich 
separated w^as extracted wdth ether, and washed and dried as usual. 
After removal of the ether, the residual oil was distilled under 
12 mm. pressure, and most of it passed over below 110®, only a 
small fraction remaining when the temperature reached 150®. This 
residual oil was then hydrolysed with 40 per cent, aqueous potassium 
hydroxide, and thus yielded about 0*7 gram of an acid, which 
could be crystallised from water, and then melted at 124— 1 26®: 
0-1910 gave 0'4654 CO., and 0-1311 lUO. H-7-6; 0-66*4. 

requires C — 67‘2; H — 7‘2 per cent. 

The acid was evidently not pure, but from its synthesis and 
analysis had the constitution CH 3 ’CHo’CH|,*CHePlrCIJ(CO.,n) 2 . 
As on heating it to expel carbon dioxide a liquid acid resulted, a 
closer examination of it was not made. 

Condensation of Methyl Bthyl Ketone cyanohydrin and 
Sodiocyanoacetic Ester, 

The cyanohydrin was prepared according to the method given by 
Ultee [Rtc. trav, chim,, 1909, 28 , 1), and 25 grams of it wmre 
condensed with the sodium derivative of cyanoacetic ester accord- 
ing to Higson and Thorpe’s directions {ioc, ckh). After twelve 
hours, water was added, the liquid acidified, and extracted with 
ether. The ethereal solution was washed with dilute sodium 
carbonate and again with water, and then dried over calcium 
chloride. The ether having been distilled off, the residue was dis- 
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tilled under diminished pressure, a lower fraction, consistina maijj' 
of cyanoacetic ester, and a higher fraction, boiling at 140— I 7 f/' 
20 mm., being thug obtained. This fraction of high bo’lii 
point consisted mainly of impure ethyl “jS-dicyano-i3-methyIvalerat^ 
and weighed 17 — 18 grams, the yield thus being about 36 percent 
This yield was hardly improved by using the method emploTed tv 
Higson and Thorpe in the case of acetonccyanohydrin, na^ne’v 
using excess of ethyl cyauoacetate, and adding the sodium derivat p 
to an alcoholic solution of the cyanohydrin. Similarly, there w'- 
110 improvement in the yield when the reaction was carried a"' 
helow 0^. ‘ 

The liquid boiling at 140 — 170°/ 20 mm. was redistilled acd 
then boiled at 164 — 1G6°/19’5 mm.; 

0'2287 gave 0'5158 CO^ and 0T498 H^O. C-61’5; n=:7‘^6 
requires C^GTS; H:^7-2 per cent. 

The hydrolysis of this compound to «s-methylethylsiiccimc acid 
was cITcctcd by the method described by Higson and Thorpe, and 
was almost quantitative. The acid, after crystallisation from watf 
9nelted sharply at 104° 


The ItesolutioTi of ?^%-Methylethyhuccmic Add. 

Experiments have been made wdth both the quinine and hrucin? 
gaits of the acid, but only the former seems to make a resolmonc 
possible. In the case of the brucine salt whicli is very soluhle in 
water, two fractions were obtained of diderent melting point; ht 
they had approximately the same specific rotation, and each fraction 
yielded tlie inactive acid. The quinine salt can be crystallised from 
w’ater, in which it is only moderately soluble, and the less soluble 
fractions gave an acid which was dextrorotatory. As, however, 
only small quantities of the active acid have been obtained, audit 
was not free from the racemic form of the acid, no details as regard; 
specific rotation can be given. 

Further experiments are being made on the resolution of tie 
acid, and when the active forms have been obtained in the prre 
state, the racemisalion phenomena will be studied. 

UxiVEuaiTY CnLr.p:G£, 

Keadino. 



POPE AXD HOW2VRD; FLUORONE DERIVATIVES. 


LX IV . — Fluor one Derivatives. 

By Frank George Pope and Hubert Howard. 

ly our last commnnication (Trans., 1910, 97 , 1023) we described 
certain derivatives of plicnylfinoronc, and gave reasons for prefer- 
riiiu' para-qiiinonoid strucUire of such substances, rather than 
the ortho-quinonoid form advocated by lAelirniann. \Ve have now 
ol;iained other derivatives of phenyliiuorone and phenyllhiorime, 
and are able to give, RvS it seems to us, other arguments against the 
orilif*-quinonoid formulation of such compounds. 

Tlie first fluorime to bo prepared was Pyroninc-G, or tetrametlnH 
Riniiioilimrime, which was obtained by Bender (D.R.-P. 59003), 
wiiii.d its constitution was settled by Biehringer (7. pr. Clicin., 
lyJG, |ii], 54 , 232), wdio prepared it by the oxidation of the product 
furnicd on condensation of formaldeliydo and dimotliyl-?«-ainino- 
pjictiol. The constitution of this componiid was deduced in 
:tlu^ following manner. The tetrametliyldiamiiiodiphenylmcthano 
dunned hy the condensation of formaldehyde and dimetliyl-w-amiiio- 
piiciiol was nitrated, and the nitro-groiips were then reduced to 
amino-groups. The resulting amino-compound, by elimination of 
aiuinania, was converted into a dihydroacridiiie, which must conse- 
qiantiy be represented as being produced in the followino- inanner: 

XII 


When the totramethyltctra-aminodipiiLmylmetliano was diazotised 
and the solution boiled, leucopyroninc was produced, and this 
pvidised readily in acid solution to form pyroiiine salts. From this 
method of formation it was considered that the subslunces obtained 
povvcssed a para-quinonoid conhg’uratioii : 

0 

H,n/NnMc., \xHc- 

. i I I M i i ; ■ ■ - 


NlNHe.Cl 


VOL. XCIX. 


0 0 
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Similar substances have been obtained by Mohlaii aiuj 
(Ber,, 1894, 27 , 2895), and it has been shown that on Ireatni! ' 
with alkali hydroxide they yield ^-bascs of the type; 



CK 

OH 


Tho rosamine bases are derivatives of phenylfluotimp, ^ 
tetramethylrosamine (3:6' tetrametliyldianiino - 9 - phenylxantlienv’ 
chloride) being obtained by Heiiinann from the action of benzotri- 
chloride on diinethyl-w-aininoplienol in benzene solutioii: 



Hd^'ph 

FrPB Raso. 

whilst Kehrmann (Ber., 1908, 41 , 3440) prepared the simplest 
member of the scries by the action of benzotrichloridc on monc>- 
acetyl-m-aminopheiiol in nitrobenzene solution; 

Cl 

I 

0 


AcHN- 


OH HOr dNHAe 


CCL 
I 3 

Ph 


AcH Wac 

\AA/ 

9 

Pb 

Cl 

I 

0 


\/\<^\/ 

c 

I 

Ph 

and gave to it the orlho-qiiinonoid structure, chiefly by reason of 
the analogy between rosainines and w^wsafranone. On diazotisatioi 
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0^7 


acid soluiion lie obtained from it liydroxypiicnvlfluorone, and lio 
si, owed that on treatment with alkali Jjydroxide it yielded an 
iiu^-table ^'base which lapidly lost w^aterj and was converted into 
aiiliydro'base, to which he assigned the following structure: 

yy/vyNH 


c 

Ph 


Tt certalidy seems strange tliat he should here use the oxonium 
type 111 preference to the ammonium type of structure, since the 
basic properties of nitrogen are definite, whilst the existence of 
oxanium salts is not at present universally accepted. Atmin if 
Kdinimnns oxonium structure is correct, one would expect that 
r.^ainine chloride should be similar to hydroxyphenylfluorono 
livdiochloride and to the dicliioroxanthonium chloride" obtained 
liv us: 



. Ph 


liyaioxyi-horiylfliicroiK! (Kchrnianii). II\ choxyj.iitiiylHuoioiK- I13 ilroclik-ridc. 



Kosamiue aiihyaro-base (Kchrnianii). Kusaminc 


Cl 

I 

0 



V 

Ph 


DichlorophonyliaTithouium clilonMo. 

lould (T, II, III) being all oxonium salts, 

in h behaviour, since the nucleus substituent groups 

ai-dly exert any influence. In reality, we find that phenyl- 

0 0 2 
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iluorone hvdrcA'Uoride is I'cadily hydrolysed in aqueom solwi,, 
tam“e chloride is the chloride of a strong base, and hat ,hd,,„„ 
Crnium chloride is o.tremely reactive, as is shocvn W ,i, 
foiing scheme of traiisfcniiations which we have been able ,, 

perform : ^ q 

y\ 

Cl 


Cl 

1 

0 


Cl' 


,C^/f 


H-N.b 

(■ ^ 



. ClA/V-l: 

kA/',/ 

(1 

/^\ 

v\i co.;ii 


■.Nllll'Ci 


c 

Fh 


Ph OU 

4. TT. tA'lntr these facts into consldcyatK-r-. 

Consequently it seems ^ ^ Huoroncs is imteiialh 

thatanortho-qiniionoid m ^ ^ 

It may be *1“ « a.londe is an argiinict ni 

losamme type fiom - f,,..,,..,(ioii b«t it should be poiutoi 

favour of the ^ the ■' oaoni... - 

out that a change of stnictu , formalion of nitriles, acst. 

chlorine atom, must occim, suit ^ ^ oxonuim stnicuin 

and ethers even the most ‘ nd Aylexygroups to * 

would hardly attach cyano-, catbox) .an 
quadrivalent oxygen atom. 

EXP^^RIMENTAL. 

0 


! * 

U^Jiemjlflnoronv^ j 

' V 

l’’* -n 

'A^ wpre bea-ted 

Two grams of anhydrous f. "4 gram of phenol 
2 -lS grams of dihydroxj'bensliydrol and 0 « a 
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fr.iir hours to 160°. The fusion was extracted with hot water 
ji<,olvea in sodium hydroxide solution (in presence of zinc dust)’ 
f];,-. solution filtered, and the resulting hydroxyxanthen precipitated 
i,v dilute acetic acid. It was then collected, well washed with 
v.'.iter, and redissolved in dilute sodium hydroxide solution A 
.nvnii of air was then drawn through the liquid for some da4 
^v];,,!l a precipitate of the fluorone was gradually produced. The 
nxvipiia.to was collected, washed, dried, and reerystallised from 

dioiioi : 

(J ins gave 0-3428 CO. and 0-0452 iT.O. C-83'63; H-4-49 
requires C- 83-82; H^4-41 per cent. 

%rJunylfinorone separates from alcoliol in brown scales, which 
a green reflex. It is quite insoluble in aqueous alkali 
]-,y(lroxi(les, and even in dilute solutions of the mineral acids. It is 
,(..h!)Ic in concentrated sulphuric acid, the solution being dark 
l.r,nvii in colour, From this solution it may ho reprccipital;ed by 
the addition of water, as an orange j^owder. It melts at 200° is 
soluljlc in hot alcohol, chloroform, or pyridine, but insolublo’ in 
liciit petroleum. 

3 - 1 ddo ride, 


Cl 

1 

0 



Ph 


ivas obtained by dissolving 2'72 grams of pbenylfliiorono in chloro- 
form and adding 0-78 gram of acetyl chloride to the liquid The 
solution was poured into light petroleum, the veliow precipitate 
collected, washed with liglit petroleum, and dried in a vacuum ■ 
"■0916 gave 0-240 CO, and 0'0332 11,0. C = 7hd6; H = 4'03. 
O'lOGO „ 0-0440 AgCl. Cl ^10-27'^ 

requires C = 71-S9; H=4-28; Cl^lO'lS per cent. 

The chlorTcle is a yellow solid which decomposes at 130°. 

0 



1 the coi responding xanthen by drawing a .stream of air through 
^ a lame soluhon. The precipitate was collected, well washed, 
d recrystallised from alcohol : 
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0-1100 gave 0-3450 COo and 0*0436 HoO. C = 85-54; n^ 4 - 4 o 
C23H]40^ requires 0 = 85*71; H=4‘35 per cent. 

It separates from alcohol in brown scales, possessing a ^ 
reflex, and melts at 237®. 

3 : ?i-BicMoro~%j)henylxantlionmm Chloride 
c„H 3 Ci<:®p°J>c,n 30 i. 

Five grams of bydroxyplienylfluorone were dissolved in 20 
of phosphoryl chloride, and 10 grams of phosphorus pcntachlorifj,' 
were then added. The blood-red liquid obtained was then licatoij 
on the w^ater-bath until all the pentachloridc had dissolved, allows 
to remain for five minutes, and then poured, with constant stirriu^ 
into 300 c.c. of light petroleum. The reddish-coloured predpitatf- 
was collected, washed with light petroleum, and dried in a tlcdc. 
cat or : 

0*1068 gave 0-2464 CO. and 0 0276 ILO. C- 62-92; TU2 S7. 

0-1002 „ 0-1210 AgCl, CI = 29-87. 

CipTI^jOCl^ requires C — 63-07; H — 3-04; Cl -29-49 per cm. 

The xanthonium chloride is a reddish-yellow solid which decom 
poses at about 200®. It is insoluble in non-hydroxylic solvents, a.n-] 
is rapidly decomposed by hydroxylic solvents, 

0 

Q]/^\/"\/ Xc'l 

Z ■.^-jyu'JdoroBcyanoB-'plicirylxantlie.n^ \ \ '■ 

\/\/\/ 

c 

/\ 

Ph CN 

In the preparation of tliis substance, 3 grams of dichlorophcuvl 
xanthonium chloride were heated on the w^ater-batli with 0-6 fTain 
of potassium cyanide and 20 c.c. of alcohol, The precipitated solid 
was collected, w*ashed. and rccrystallised from hot alcohol: 

0-1170 gave 0-294a CO,, and 0-0332 H.O, C-68-53; H-3-15. 

0-1040"„ 0-0856 AgCl. Cl = 20'36.~ 

0-2654 „ 9 c.c. N„ (dry) at 22® and 758 mm. N = 3-91. 

CmHijOXCL requires' C = 68-15; n = 3-12; Cl = 20-17; 

N ^ 3'98 per cent. 

The nitrile crystallises in minute, reddish-brown crystals, and i^ 
very sparingly soluble in hot alcohol or glacial acetic acid, h 
decomposes at 280®. 

3 : 6-B/ehloro-9-p/(e7////-rr/7//h en.-9-ef'/rho.rylic acid was prcpaied h} 
beating 10 grams of the nitrile with 150 c.c. of alcohol and 25 c.c. at 
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concentrated hydrochloric acid, under reflux, for hvo hours. On 
coolin*'. the acid separated as a microcrystallino powder. It was 
purified by dissolving in sodium carbonate, filtering the solution, 
and reprecipitating the acid with dilute hydrochloric acid, and, 
liiiallv. rccrystallisation from alcohol ; 

' 0 1142 gave 0-2690 CO. and 0-0374 H.O. C-64-24; H = 3'64. 

0'102() v 0'0306 AgCl. Cl= 19*55. 

("..^JIi.^O^CL requires C~64'69j H==3-23; Cl = 19* 13 per cent. 

'rhe free acid is a reddish-brown solid, which blackens wlien 
licated to about 300°. It is sparingly soluble in alcohol or acetic 
acid, and insoluble in hydrocarbon solvents. The vAhyl ester was 
olitfiiiied by heating 1 gram of the acid witli 5 grams of concen- 
trated hydrochloric acid and 20 grams of alcohol under reflux for 
fdur hours. The solution was then jioured out into sodium 
carbonate solution, and the precipitate collected, washed, ami 
rccivstallised from alcohol: 

OT 07 G gave 0-2616 CO. and 0 402 ILO. C-66-30; H = 4-15. 

(V2340 „ 0-1680 AgCl, Cl ^17-76. 

C^-JIicPaCl. requires C — G6'17 ; 11 = 4-01; Cl — IT’SO per cent. 

The ester is a reddish-brown powder, which is sparingly soluble in 
,'ilcoliol or pyridine. It decomposes at about 200°. 

\ %-DirMoro-^-'ph eniilxant hyl methyl elhei\ 

Ph OMe 

was prepared by adding 2 grams of the dicliloroxanthonium chloride 
t() llie calculated quantity of sodium methoxide, dissolved in 25 c.c. 
of methyl alcohol. The solution was heated under reflux for half 
a.i! hour, and then poured into oO c.c. of water, the wliole being 
boiled, and finally acidified with dilute acid. The precipitate was 
collected, washed, dried, and recrystallised from alcohol : 

0-1226 gave 0'3042 CO. and 0 0420 TT.O. C = 67-67 ; H = 3-50. 

0-1590 „ 0-1308 AgCl. Cl = 20-3o. 

CbfjHiiO.CU requires C^ 67-23; H-3-92; Cl = 19-95 percent. 

The ether decomposes at about 220°, and is a reddish-brown 
powder, which is sparingly soluble in the ordinary organic solvents. 

The ethyl ether was prepared in a similar manner, and shows the 
same characteristics : 

0-1105 gave 0-2740 CO. and 0'410 H^. C = 67-63; H-4-12. 

0T130 „ 0-090 AgCl. Cl = 19'70.’ 

C.jIIi^0.2Cl3 requires C = 67-94; H=4-31; Cl-lO lS per cent. 
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3 : G-DianUino-^-phemjlxanihenyl chloride^ 

NHPh-C(H3<'p~>C„H5:NHPhC!, 

•was obUincd by beating 5 grams of dicbloropbenylxanthoBuirn 
fliloride lor five miniHcs with 25 c.c. of aniline. The resultincj 
-i.va.s then stirred into 200 c.c. of water, and the mixture rendered 
alkaline and distilled in steam to remove excess of aniline. Thr 
residual mixture was acidified, the precipitate collected, wd 
washed, and rccrystallised from alcohol : 

O'llOO gave 0'3150 CO^ and 0'0465 H 2 O. C — 78*10; H-4’?0. 

0-2040 „ O-OGOO AgCl Cl-7*28. 

0-354G „ 16-4 c.c. (dry) at 23° and 765 mm. N = r}-38, 

requires C^78*39; 11^4-84; Cl = 7-48; N-o’Sl per 
cent. 

The rosamine chloride crystallises in small, bluish-purple needk 
and is sparingly sohii)le in alcohol. Its solution possesses an intense 
green fluorescence. 

Z:Q>J)hO-toh!uli}U)-^-flunylranihcni/l chloride is prepared iu a 
similar manner from the dichloroxanthonium cldoride and 
o-toluidine : 

O' ] 002 gave 0'2982 CO.-> and 0’0488 IIoO. C = S1'1^ ; H— o'dO. 

O-fiOGo'',, 0-.5S4 AgCl Cl = 6-99. 

0-350 „ 16 c.c. Xo (dry) at 22° and 765 mm. N-5-32, 

cyi.rOXXl requires 5 = 81-39; n = 5*55; Cl=7-06; N-5-58pcr 
cent. 

It is a purpic-red solid, which is somewhat soluble in alcohol, the 
soluiiou showing an intense lliioresrencc. 

rlihirnle was prepared in a 

similar manner from y-toluidine: 

0-1102 gave 0-327G CO. and 0*0535 11,0. 0 = 81*08; 

0*200 „ 0-0564 AgCl. Cl = 6'98. 

0-3450 ,, IG c.c. X. (dry) at 22° and 765 mm. 

C jJL-.^OX’.Cl requires 0 = 8r39; ]I = 5-5.'.); Cl = 7-06; N = 5 58 per 
cent. 

It resemldes the ortlio-compound in properties, but is somewhat 
darker in shade. 

3 : chloride, 
C,„TI,-NH’('JT3<'*^p"> 03H3:N HCI-C,oa. 
was obtained by licHlini' didilorophenylxantlioiiium cbloridc 
an excess of ^-naphthylamine. The product was poured into va 
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rendered alkaline, and distilled in a current of steam. The residue 
acidified, collected, washed, dried, and recrystallised from 
aicoliol. It is a blue, microcrystalline solid, which is sparingly 
Soluble in alcohol. It yields blue solutions, which show a violet 
i’uorcsceiice. When heated, it decomposes at 235*^: 

moos gave 0'3018 CO^ and 0-0444 H.O. C^Sl'Go; H-4'89. 

i)-U70 „ 0-0280 AgCL Cl = 5-92. 

0-230 „ 10 c.c. N 2 (dry) at 22 ° and 761 mm. N = 5-04. 

C...-,II., 7 ^^" 2 C 1 requires 6 = 81-46 ; II = 4'-70; Cl = 6-18; N-4*88 j^cr 
cent. 

3 : chloride was pre- 

p.'ircd in the iorra of its dihydrochloride by the condensation of 
p-phcnylcnediamine with dichlorophenylxantlioniiim chloride. The 
sointion of the free base was evaporated to small bulk, and a large 
excess of concentrated hydrochloric acid added. The precipitated 
(liainino hydrochloride was collected, the filtrate being concentrated 
atid extracted with alcohol. The alcoholic solution was then evapor- 
:Uod, and the hydrochloride finally rccrystallised from water: 

0 090 gave 0-2246 CO^ and 0-0398 H,0. C = 63-06; H = 4-91. 

0-1230 „ 0-0934 AgCl. Cl = 18-78.^ 

0-1S25 „ 15 c.c. Ng (dry) at 22° and 760 mm. N = 9-76. 
C 31 TL 7 ON 4 CI 3 requires 0 = 67-84; 11 = 4-74; Cl = 18- 44; N = 9-70 per 
cent. 

The hydrochloride crystallises in minute, blue needles, and is very 
soluble in water or alcohol. 

3 : Z-Di-T^-hydroxy^henyJaviino-^lihcni/liicarithenyl chloride, 

is similarly obtained from dichloroxanthonium chloride and 
p aminophenol. The fusion is dissolved in ammonia, the solution 
iiliered, and acidified by hydrochloric acid. It is then evaporated 
to dryness, extracted by alcohol, filtered, and again evaporated. 
The residue is dissolved in sodium hydroxide solution, and again 
precipitated by carbon dioxide. Tlie precipitate is then collected, 
dissolved in alcoholic hydrochloric acid, the solution again evapor- 
ated, and the residue finally crystallised from dilute alcohol. In 
tills way it is obtained in small, dark reddish-purple needles, which 
dissolve in the alkali hydroxides with a deep violet colour: 

0-1172 gave 0-3034 CO., and 0-0508 ILO. C = 70-60; H = 4-82. 

0-1040 lost 0-0035 H.O at 130°. H.6 = 3-36. 

C:.!H. 303 KoC 1 ,H 20 requiic^s C = 70'92; H = 4-77; ^,0 = 343 per 
cent. 
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O'OSl* gave 4 c.c. No (dry) at 17® and 752 mm. N=:577. 
0-1356* „ 0-0376 AgCi. Cl -6-86. 

C^iTIo^OyNijCl requires N = 5-5G; Cl = 7 01 per cent. 

East London Coll kg e, 

Univeksity of London. 


LXV , — Synthesis of dl-3 : i-Dikydroxyphenyhihah^^ 

By Castmir Funk. 

The question of tlie formation of adrenaline in the animal liodvha,. 
engaged much attention. The two aniino-aeids that suggesit tlieiiv 
selves as the parent substances of adrenaline are obviously tvrositK 
and phenylalanine, but certain considerations render it proba.Vie 
that the body is incapable of employing these substances for tlit 
formation of adrenaline. Thus, in cases of abnormal nietabolisn!. 
tyrosine is eliminated as homogentisic acid (Wolkow and BauniaiiK. 
Zettsch. 'phy^iol, Chfin., 1891, 15, 228; Falta and Langstein, 
1903, 37, 513; Abderhalden, Bloch, and Roria, ihuL^ 1907,52, 435i. 
whilst no catechol derivatives have been obtained from any of tlie 
aromatic amino-acids. 

In the experiments which have been conducted on this point, 
investigators have sought to bring about a transformation o! 
tvrosine (Ewins and Laid law, J. rin/.'^io!., 1910, 40, 275) inu- 
adrenaline by incubating the former substance with suprarenal gland 
tissue. It may well be. liowevcr, tliat the formation of adrenaiint 
takes place in several steps, and tliat different tissues of the body 
are necessary. 

In order to be certain that adrenaline is really formed, it h 
necessary to hnd a chemical method by which this substance can be 
separated from amino acids, and such a separation is at present' 
being attempted. , . 

Tliat some substance of the nature of tyrosine or phcnylalamne is 
the precursor of adrenaline is further suggested by the fact thai 
all three compounds belong to the same optical {1} scries. ^ 

The synthesis of 3 : d-dihydroxyphenylalanine has been effected 
with the idea that it may be the parent substance of adrename^ 
experiments are also being conducted in order to a.sccrtain whet 
any of this substance is contained in proteins. That this ma) 

* Anhydrous substance. 
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the case is indicated by the occurrence of caffeic acids in plants, 
dihvdroxycaffeic acid, 

HO<^ ^CH.-CHj-CO^H, 

],as been found by Lippmann in turnip leaves (Ber., 1892, 25, 3220). 

A comparison of the formulae of adrenaline and dihydroxyphenvl- 
alaiiine indicates a certain similarity between these substances : 


OH 

on 


oh/\ 

\/ , .. 

1 ! 
\/ 


Cn{OH)-CH2*NH-CH3 CH,;OH(NH,)-CO,H 

Adrenaline. Odiydroxyplu’nj'lalanine. 


Experimental. 

Sf/nthesis of 3 ■A-Dihi/dw rfjjjJu fujIalauinr. 

Dihydroxypbenylalaninc was obtained according to the method 
(Icscnbed by Erlenmeyer and Halsey {Annalen, 1899, 307, 138; 
Jitr., 1897, 30, 2981) for the synthesis of tyrosine. 


f‘ofuh'nsatio7i of ZA-Carhoni/IdwxyhenzfiJthhyde and Ilipjnirfc 
.1 cid: Lactwiide of a-Benzoylarnimj-Z : -i-dihyd roxy cinnamic A cid^ 

co*o 

o-( >cn:c< 


Sixty grams of 3 : 4-carbonyldioxybcnzaldchydc were mixed with 
GG'J grams of hippuric acid and 30 grams of anhydrous sodium 
acetate, and the mixture wms heated for one hour on the watcr-hatli 
with 112 grams of acetic anhydride. The solution became yellow’, 
and in a short time a yellow, ciYsialline siili stance separated out. 
Owing to the insolubility of this substance in the ordinary solvents, 
ii was found necessary to purify it by boiling, first with water and 
tlu’ii with alcohol. The crystals obtained in this w’ay consisted of 
sniall, yellow plates, which melted about 238“. Yield = 83 grams, 
or 74 per cent, of the theoretical. After drying in a vacuum at 
7*1^. the substance w^as analysed : 

0 3116gave0'7604 CO 2 and 0'0906 H.O. C = 66-55; H = 3-23. 

0-4266, by Kjeldahl's method, required 13' 5 c.c. lY/lO-II^SOi, 
N = 4-43. 

requires C = 66'43; II = 2-95; N = 4'56 per cent. 



55 G FUNK: SYNTHESIS OF DL -3 : 4 'DlHYi>ROXYPHENYLAlAMN:{; ' 

ti-BcnioylaminO'^ •^.i'dihydroxycinmmio Acidy 
H0<^ ^ch:c(Nhbz)-cOjH. 

Eighty4lu’ee gra-ms of tKe lactimide prepared as above wcreljeatc^ 
on the waierballi with 500 c.c. of 10 per cent;, sodium bydroxidr- 
solution. In this way, both the lactimide and carbonyldioxy-gronp; 
were hydrolysed. After cooling and neutralising with hydroclilorV 
acid, a resinous mass separated out, which became crystalline after 
keeping for some time in the cold. This was twice recrystal li^wi 
from alcohol, when small, yellow plates were obtained, which, oi^ 
drying in a vacuum, melted at 210 — 215'^. At 100'^ it siihlintcd' 
to form colourless plates. The yield was 60 grams, or ?5 per cent 
of the theoretical : 

0'2268 gave 0‘53G8 CO^ and 0‘0902 IIoO, C = 64‘5o; n-:4'3i. 

0’39, by KjeldaUrs method, required 12'2 c.c. A, 10-H,;s(.),. 

N-4'35. 

Cj^HisO^K requires C = 64'[8.; H-4'38; N-'4‘68 per cent. 

V }'(; yamtion of dX-a.-Bcnzoyhivilno-'^ : 

no 

Acidy II0/^CH2-0H(NHBz)-COoH. 

The 60 grams of the substance just described were suspended 
in 600 c.c. of water, and 750 grains of sodium amalgam added in 
small portions during forty-five minutes. The solution 
neutralised with hydrochloric acid, and concentrated imder 
diminished pressure in a stream of coal gas. Small, yellow, four- 
sided plates separated out. Yield, 19’6 grams, or 32 per cent, of 
the. tlieoretical. By following the directions of E. Fischer {B(r.. 
1899, 32 , 3638), who, in his worlv on tyrosine, boiled the eorrespoiKl- 
ing solution with 33 jier (?ent. aqueous sodium hydroxide, all this 
substance seemed to he destroyed. 

The crystals were rccrysiallised from water, and contained one 
molecule of water of crystallisation, which was expelled wlieii 
heated in a vacuum at ilO^. Tliey are sparingly soluble in colT 
and readily in Imt, water, also in alcohol, glacial acetic acid, 
or ethvl actuate, hut not in benzene. The anhydrous suhTanc^ 
melts at 190— -lOrY': 

T092 lost 0-059G Tl.,0. }LO-,5--15. 

Cj^dl.-O-ydh.O requires ll.p:-rr64 per cent. 

0-2616 gave 0-61.4 CCA and 0*1132 IBO. 0 = 64*01; n^4'S0. 
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0.3043, Kjeldahl’s method, required 10*0 c.c. XA7IO-H.SO4. 

N^4-30. 

requires C = 63‘75j II = 5-03; N=^4-65 per cent. 

HO _ 

dl-3; irDihi/droay'pIien?jlahmine, HO<^ ^CH2'CH(NH7-C02H. 

]S‘2 Crams of the benzoyl compound Avere hydrolysed by boiling 
^\ith sixty times its weight of 20 per cent, hydrochloric acid under 
a. rclliix condenser. The solution was left overnight in the cold, 
and the benzoic acid which separated out was collected. The 
n [irate was extracted with ether, and the aqueous solution con- 
cern rated ill a vacuum. The residue obtained was dissolved in a 
siiiall quantity of ivater, neutralised with ammonia, and con- 
(entrated under diminished pressure in an atmosphere of coal gas. 
On j'ccrystallisiijg from water, 5 '7 grains of spindle-shaped crysta.ls 
ucro obtained, corresponding with a yield of 47 per cent, of the 
iliroretical. After being dried in a vacuum, the crystals melted at 

0-21 gave 0-4218 CO. and 0-1042 ILO. 0-54-75; H-5-51. 

0-1838, by Kjeldahl's method, required 90 A/10-H.,SO4. 

X-6-S5. 

C,,H2404N requires C — 54-79; H — o’GS; X — 7-10 per cent. 

Tliis substance is readily oxidised in neutral, and more readily in 
alkaline, solution, with the formation of a black pigment. With 
iiiti'ic acid, a red coloration is obtained. Alilioii’s reagent in the 
cold gives an orange colour, but on heating, reduction takes place. 
tVitli ferric chloride, a green colour is formed, which, on boiling 
or on tlie addition of ammonia, becomes dark red. The substance 
reduces Feliling’s solution ou heating. It dissolves in water more 
cadly than does tyrosine, and gives a crystalline hydrochloride, but 
an ethyl ester hydrochloride could not be obtained. 

I am at present preparing the active ?-com pound and some 
derivatives of it, and intend shortly to publish some experiments 
on tlie physiological action of these compounds. I wish to express 
my thanks to Dr. Harden for granting me the use of his laboratory. 
klSTEIl IkstITUTK of PuEVK^•TI^'E MEUICINE, 

Chelsea, S.W. 
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RUI,E: THK ACTION OF HYDROGEN SULPHIDE 


LXVL—jy^c’ Action of Hydrogen Sulphide on the j/;. / 
oxides of the Metals, Fart L Sodivni T,\ 
Potassium Ethoxides, 


By Alexander Rule. 

The work described in this paper forjiis the first portion of 
investigation of certain metallic salts, which, owing to livclrolv'"^ 
cannot be obtained from aqueous solution, and up to the 
have only been prepared in the dry way. The sulphides^ 
cliromium, aluminiinn, and ferric iron are examples of such con- 
pounds, and it is doubtful if these substances have ever hotn 
obtained in the pure state. 

The possibility of preparing these sulphides from alcoliolir 
solution by precipitation with either hydrogen sulphide or ar- 
a.lcoholic solution of sodium sulphide suggested itself to the autho’ 
but it was necessary, in the first place, to find derivatives of tie 
metals which were soluble in alcohol, and which, on decoinpodtien 
according to the method indicated, would not give rise to prodiias 
likely to react in any way on the sulphides, if the latter were 
formed. 

The alkyloxides of the metals in question appeared to he siiitahle 
for trial in tliis way. but on endeavouring to ascertain if previous 
work bad been done in this direction, the author was unable to ihid 
any record of the aciion of hydrogen sulphide, either on tbcse 
compounds or on the alkyloxides of sodium or potasshim, TLe 
action of certain other gases, such as carbon monoxide, on the 
alkyloxides of sodium and potassium is well known, and has been 
thorougbly investigated. When sodium is dissolved in absolute 
alcohol in such amount as to give a solution of sodium etlioxide 
of moderate concentration, and this solution is then saturated 
with dry hydrogen sulphide, no precipitate is formed, birt on adding 
sufficient benzene or ether to the solution, a precipitate of prac- 
tically pure anhydrous sodium hydrosulphide is obtained. A 
solution of potassium etlioxide, similarly treated, gives a precipitate 
of pure anhydrous potassium liydrosulphide. There is no indication 
of the formation of oiganic sulphur compounds, and from the 
results obtained under varied conditions, the reaction appears to 
be quantitative, and to be expressed by the simple equation: 
CJT-OXa •!- lip - CJT-Oli -1- NallS. 

Tn view of the considerable amount of work already done on the 
sulphides and hydrosulpliidcs of the alkali metals, and the difficult} 
experienced in obtaining the anhydrous compounds in the pw® 
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tlie investigation of this apparently simple inclhod of pre- 
p.u-atian seemed of importance. 

^ Cav Lussac and Thenard made an attempt to obtain the 
.^^ilivdroiis hvdrosulphides of sodium and potassium by the action 
pi hvdi'OLrcn sulphide on the heated metals. A brown nia.ss was 
ol.tained, and to the sodiura compound they ascribed the com- 
pu-iiion Na^jHSo. According to Sabatier, theso products always 

contain polysiilphides. 

Sabatier Chtni. 1881, [v], 22 , 1) states that 

aitlivdrous sodium hydrosulphide is obtained by saturating crystals 
'sodium sulphide, Na^SjOH^O, with hydrogen sulphide, and 
evaporating the solution obtained in a current nf liydrogen sulphide, 
Tiic product is described as a yellowish-white mass, nearly pure. 
Bloxani (Trans., 1900, 77 , 763) found, however, that sodium 
gulpliidc was only slowly acted on by hydrogen sulphide in the solid 
state, and failed to obtain sodium hydrosiilphide by tliis method. 

From the foregoing evidence it seems practically certain that tlie 
pure liydrosulpliides are unobtainable by any of the methods 
mentioned. Bloxam {loc. cit.) describes a method suggested by 
l)r. Scott for tl'e preparation of anhydrous potassium hydro- 
sulphide, Hydrogen sulphide was passed into rectified ether contain- 
i]ii: metallic potassium, and in this way the hydrosulphide was 
(btulned pure as a pale yellow, crystalline powder. 

The use of alcohol as a solvent for sodium hydro.xide in the 
ordinary method for the preparation of sodium monosulphide is 
described hy Bbtlger (^A vnaltii, 1884, 223 , 33o), but the resulting 
product was hydrated, owing to the formation of water by the action, 
(jf hydrogen sulphide on the sodium hydroxide in solution. 

The author of the present paper has also investigated the action 
of hydrogen sulphide on the pure dry ethoxides of sodium and 
potassium. In each case reaction takes place in the cold, the 
solo products being alcohol and the hvdrosulphides of the metals. 
There is no evidence of the formation of the monosulphides, as 
is the case when hydrogen sulphide is allowed to act on dry sodium 
liydroxide (Kircher, Annul en, 1839, 31 , 339). 

The .simple reaction whereby anhydrous sodium hydrosulphidc is 
o!jt<ained in alcoholic solution will doubtless prove of considerable 
value in tlie preparation of organic sulphur compounds, where, 
ordinarily, crystalline sodium hydrosulphide is employed. In these 
cases the presence of water of hydration, and often of free sodium 
hydroxide in the salt, occasions loss through hydrolysis. 
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Experimental. 

For analysis of the hydrosulphides dealt with in this seciioD 
gravimetric methods were employed in every case. Owing to tiv 
extremely hygroscopic character of these substances, it wag 
necessary to carry out weighing operations with special care aiia 
rapidity. Sulphur was estimated by oxidation with coiicentraitfi 
bromine water, and precipitation as barium sulphate. Sodium and 
potassium were estimated as sulphates, but before the addition oi 
sulphuric acid to the substances they were treated with bromb-. 
water. Otherwise, the violent evolution of hydrogen sulphide 
adding acid is liable to cause loss. 

The action of hydrogen sulphide on sodium ethoxidc in alcohoK' 
solution can be illustrated very rapidly on a small scale tv 
dissolving O' 5 gram of metallic sodium in about 10 c.c. of cthv- 
alcohol in a test-tube, adding an equal volume of dry benzene, aiid 
then passing in the gas. The solution becomes warm, and ailt: 
a short time a precipitate begins to separate out, becoming tliicktr 
as the passage of the gas is continued. When the solution :• 
saturated with the gas, the product is rapidly collected, washed 
with a little ether, and then placed immediately in a dessicator and 
allowed to remain in a vacuum. The substance obtained by ihb 
method possesses a light bulT tint, is extremely deliquescent, aiij 
wdien freshly prepared dissolves in hydrochloric acid to a clear 
solution wuth violent evolution of hydrogen sulphide. 

A similar experiment with potassium ethoxide gives a product 
quite analogous to the sodium compound, but only very faintly 
buff-colourcd. 

If the solution, after collecting the precipitate, is treated with a 
further quantity of benzene, or, better, with dry ether, a consider- 
able precipitate is olrtained. 'wliich is identical in properties and 
composition to the first product. It was obvious that in order tn 
obtain a maximum 3 ield, I’arcful regulation of the relative amonnis 
of alcohol and precipitant would be necessary. 

Action of ilydroiien SulyJiidt on a Saturated Solution of 
Ethoxide. 

Two grams of sodium were added to 20 c.c. of absolute ethyl 
alcohol (freshly distilled over lime) in a small flask fitted to » 
reflux condenser. When sodium ethoxide began to separate ont 
more alcohol was added, itntil just sufficient was present to retain 
the product in solution at room temperature. Forty c.c. of ako ^ 
were required. The flask was then furnished with a tightly-fittnu 
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cotic. rhroiigh which passed a delivery tube and aii exit tube with 
ca’.i'iiini cliloi'idG bulb attached. Hydrogen sulphide, washed hv 
pa^dng through water, and then dried over a long column of 
Ci-iciuni chloride, w'as passed into the solution iti a rapid stream, 
ard aiu'r a few minutes a fine crystalline precipitate began to 
p.Mii 111 the solution, and increased with continued passage of tho 

Wiu-u the .solution was saturated with liydrogen sulpiiido, tho 
prccipirate was collected as rapidly as possible, si)rayed with 
al.^ohuo alcohol, and kept in a va cun hi over calcium clilorlde. Tho 
Biiiwtaiice thus obtained was buff- coloured. It weighed O'-b "ram. 
Fur analysis a larger quantity wms prepared under precisely similar 
cciiiditions: 

u'ffjll gave 0'31I2 Na^S 04 . Na — 40'18. 

<j-oil „ 1-0721 BaSO,. S = 55-S4. 

XallS requires Na^41-07; 57-14 per cent. 

Thu product is slightly impure sodium hydrosulpliidc, and there 
is mo indication that double compounds of sodium etiioxidc and 
nimiosulpliide are formed in the course of the reaction, as the 
pKuipitate does not dissolve on continued passage of the "as, but 
increases in amount (compare Btoxani, lor. df. Ih-cpara1ioii of 
sodiiiiii monosiilphide). This substance was found to contain a 
tracu of iron, which appears to bo an impurity of metallic sodium, 
and proliably causes the coioj'ation of the substance. 

'llic filtrate from the above product, was quickly tram^i'ciTod to 
a (hy llask, and 50 c.c. of piLre dry ether were added. A ]niro 
cry.stallino precipitate was immediately formed. The llask 
corked and kept in a de,siccator until the precipitate had 
E'IiIhcI, and a further quantity of etlier was added, tints operation 
being repeated until the addition of ether predneed only a slight 
liirlndity in the supernatant liquid: 110 c.c. of ctlicr were used, 
rile jn-oduct wnas collected, -washed with dry ctlier, and kept in a 
nu-uiiiu for several hours, further addition of ether to the tiltrato 
>idy produced a faint cloud. 

Jhe substance was a pure white, granular powder: 

fi'i598 gave 0-2010 Na^SO^. Ka-40'74. 

„ 0-7398 BaSO,. 8 = 56-71. 

AaHS requires Ha = 41-07 ; 8--;o7‘i4 per cent. 

131 arams were obtained; thus the total yield of sodium 
‘y^h'OMilpliide from 2 grams of sodium =4-31 -f 0-25 = 4'56. Theory 
sqiiiics 4 86 grams. (A slight loss occurred tlirougli a little of 
substance sticking to the sides of the fiask; ow-ing to its livgro- 
copic nature it was neglected.) The reaction, therefore, appears 
1 xcix, ,, ,, 
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to be quantitative, but the amount of ether required to precipit.* 
the product completely is considerable. The ether is, however 
easily recoverable in the pure state. 

The freshly prepared compound dissolved to a clear solution v 
hydrochloric acid, with vigorous evolution of hydrogen sulphifj^ 
After the substance had been kept for a few days, a solution • 
obtained was faintly opalescent, owing to separation of a trace c’ 
sulphur derived from products of slight oxidation. The substan 
is extremely soluble in water, and moderately so in alcohol. (>• 
allowing it to remain in the air for a few moments, a faint od^ir 
of hydrogeiL sulphide is noticeable. It deliquesces very rapidi- 
forming an aln\ost colourless solution, from which colonilcss ervna^ 
separate out after a few days (compare Bloxam, loc. ch.). 

Action of Hydrogen Sulphide on Sodium Ethovlde Su^ptndo} I- 
licnzcnc. 

For the preparation of larger quantities of sodium hydrosulphi" 
it was found more convenient to carry out the reaction in presfil 
of the precipitant. Ether is unsuitable for this purpose on accoun; 
of its volatility, but good results were obtained with benzene. 

One hundred c.c. of pure dry benzene were mixed with 10 ^rai!;^ 
of absolute alcohol in a flask fitted with a reflux condenser, th- 
inner tube of which was ground to fit the mouth of the flask. Five- 
grams of metallic sodium in small pieces W'ere introduced iiiic 
the mixture, which was then heated to boiling on the watcr-batli. 
As tlie reaction slowed, further quantities of alcohol were addoi. 
until the sodium was completely dissolved. On allowing to codl. 
sodium ethoxide sepai'ated out as a gelatinous mass. Dry hydrogo! 
sulphide was passed in, and reaction took place immediately with 
considerable evolution of heat and the formation of a fine crydalliii- 
precipitate of sodium hydrosulphide. The passage of the gas wa- 
continued until the precipitate had settled, and no further turbkhtv 
was produced in the supernatant liquid. The product was colhrit'd, 
washed with dry benzene, and finally with dry ether, wliich caiisn! 
a slight precipitation in the filtrate. After remaining for one da- 
in a vacuum, it weighed 11'92 grams. Theory requires IfliTj gran-?- 
Yield ^ 98’ 1 per cent, : 

O'flTflO gave 0'3386 Na>SO^. Na = 40’32. 

0-2429 ^ „ 0-9092 EaSO^. 8-5(1-49. 

Nall 8 requires Na-4T07; 8 — 57-14 per cent. 

The sul)stance was slightly buff coloured, but in all other rCbpeC'- 
identical with that obtained by ]n*ecipitation with ether. 
found somewlnit difficult to remove the last traces of benzene Iro® 
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t];,-' product, winch still possessed a faint odour of the hydrocarbon 
jiiur remaining in a vacuum for a week. It was finally expelled 
i,v ideating the substance to 110° in a slow current of liydrogen. 

Jc/ivri of llydrogai Snlyhide on ^olid Sodium Ethoxide. 

(.)iie gram of metallic sodium was dissolved in absolute alcohol 
^vtitained in a small distillation flask of known weight fitted to a 
nittdenscr. Excess of alcohol was distilled off, and the product 
then lieated gradually to 180° in an oil-hath, in a current of dry 
hvdrogcn, until no more alcohol passed over. Sodium etlioxide was 
(lUaitied in this way as a perfectly homogeneous, wliite mass. The 
i-,>ulriits ot the flask were then allowed to cool in liydrogen, and 
when quite cold, dry hydrogen sulphide was passed into the flask. 
The ethoxide immediately began to assume a light buff tint, wliicdi 
(juiekly spread over its surface. The mass became hot, alcohol was 
tvolved, and condensed on the walls of tiic flask. After jiassage 
ihe gas had continued for about twenty minutes, it was possible 
(h-tach a considerable portion of llie substance from the ^dass 
1)V tapping the flask. The product was very liglit pink, and 
.qiptared homogeneous, except where it had been in contact with 
tlic glass; these portions were dirty white on the surface. 

Tlic substance was heated gradually to 90° in a current of 
liydrogen. Alcohol commenced to distil over, and continued up to 
At this temperature the escaping gas was tested, and found 
to contain traces of hydrogen sulphide, and in onler to prevent 
possible decomposition of sodium hydrosiiljihide at liighcr tempera^ 
tures, the heating was continued in a slow stream of hydrogen 
sulpiiidc to 180°, during which the last traces of alcohol were driven 
over. The flask was then allowed to cool, lighlly siojijiered, and 
weighed. Weight of product- 2 '41 grams. Theory requires 
T13 grams for 1 gram of sodium: 

gave 0’3751 Na^S 04 . Na-42-4:h 

111656 „ 0-2170 NaoSOj. Na -42-44. 

O-350() „ 1-4205 BaSO^. S-55'64. 

NallS requires Na — 41-07; 8-'57-ll per cent. 

Ilie substance di.'ssoived in water, giving a faintly yellow and 
'liLditly cloudy solution. The small anioinit of impurity present 
appeared to be derived partly from the glass of ihe distillation 
th'^k, but the high figure obtained for sodium suggests that the 
reaction was not quite complete. The ease with which sodium 
ethoxide is acted on by moisture and carbon dioxide rendered 
It necessary to carry out all the operations in one vessel without 
admitting air, but it is then difficult to bring the substance into 

y !■ 2 
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thorough contact with the current of gas, as it adheres closely to t’ 
walls of the flask. ' 

The results obtained with potassium ethoxide agree witli tV 
for the sodium coiiipouud, the product being in every ' 
anhydrous potassium hydrosulphide. The slight coloration 
in some of the sodium hydrosiilphide preparations w-as either 
fainter or absent altogether in the case of the corresponchi*- 
products obtained from metallic potassinm. The figures obtah^^ 
on analysis of these products suggest a rather higher detrree o* 
purity for ordinary commercial metallic potassium than for inetal'ic 
sodium. 

Action of IJydroijtn Snlyhidc on a Saturated SoJuiion of 
rofassium EtJwiidt. 

2'2 Grams of metallic potassium were dissolved in 15 c.e. of 
absolute ethyl alcohol, and dry liydrogen sulphide was passed ir 
until the solution w^as saturated. The crystalline product yhifi 
separated w’as collected, sprayed with absolute alcohol, and driid 
in a vacuum. Unlike the corresponding product o1)taincd froin 
sodium, it was pure white. When examined microscopicallv it was 
seen to consist of vei y minute, but well defined, cubes. ’\\'eitdit of 
product — T93 grams: 

0-2382 gave 0-2872 K.SO^. K- 54-04. 

KHS requires K — 54'16 per cent. 

The filtrate was treated with 75 c.c. anhydrous ether, and the 
white, crystalline precipitate collected, washed, and dried in a 
vacuum : 

0-37G3 gave 0-4534 K.SO^, K=^54-01. 

0-2969 „ 0-9561 BaSO^. S-44-22. 

KHS requires K = 54-17; S — 44*44 per cent. 

Total yield of potassium hydrosulpliide = 3'91 grams. Theov}' 
requires 4'04 grams. The properties of the substance are similar 
to those of the sodium compound, but it appears to be even mon' 
hygroscopic. 

Action of Hydrogen Sidfliide on Solid Potassium EtlioruU- 

This reaction was carried out exactly as in the case of lb- 
sodium compound. Keactinn took place immediately in the ffiki 
and was more vigorous than with sodium ethoxide. The 
became hot, and a cor^siderable quantity of alcohol distilled ou'C 
The product remaining after all the alcohol had been driven 
j^ossessed a very faint buii lint; and appeared more homogeneous 
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tliiui tho corresponding sodium compound. It dissolved 
livdrochloric acid, giving clear solutions: 


.]-19o5 


trave O' 2535 KoSO^. K — 53*55. 

0‘G196 BaS 04 . S-43*62. 

KITS requires K ^ 54*17 ; S = 41*44 per cent. 


in water 


AVUeii the liydrosulphides are heated in tlie air they become 
vt ilow. and finally fuse to a dark red liquid. On cooling, a deep 
y,.ll(v\v solid is formed, which is soluble in water, giving a yellow 
ini ion, and is at once decomposed by hydrochloric acid, with 
vb'ontns evolution of hydrogen sulphide and precipitation of 
^,il])hur. Bloxain {loc. cii.) investigated tlio action of heat on 
liydrosulphide, and delermiiiGd its melting point, but 
there appear to be several matters in connexion with this action 
which require explanation, and further investigation is at present 
being carried out by the author. 

The possibility of preparing the anhydrous monosulphides of 
M Tiiun and potassium by the action of the liydrosulphides on tlio 
ctiioxide-s in alcoholic solution, analogous to the ordinary prepara- 
tiiiti in aqueous solution, is obvious, and it is hoped to deal with 
tliis portion of the subject in a later paper. 


In conclusion, I desire to thank Mr. J. Smcatli Tliomas, M.Sc., 
for kind assistance in connexion with tliis work. 

IS'OflGAXIC LARORATORinS, 

UxiVEllSlTY OF LiVERI'OOL. 


l.XMI — The Application of Vtscometry to the 

Mexmmmieat oj the Rate of Reaction, 

By Albert Ernest Dunstan and Albert George Mussell. 

Since the viscosity-coefficients of different substances vary between 
wide limits, it is possible to follow the course of a reaction, provided 
tint there is sufficient vaiiation in this property in the initial and 
final states. The application of physical methods to this end is 
already well known, and it will be sullicient briefly to notice tho 
work of Patterson and McMillan in this direction. These authors 
(1 rails., 1907, 91 , 504; 1908, 93 , 1041) took advantage of the fact 
that the rotation of ethyl tartrate is eminently sensitive to the 
piL'seiice of foreign substances. It varies largely, for example, 
wbcti ethyl tartrate is dissolved in different solvents; and, conversely, 
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when an isodynamically changing compound is dissolved ‘ 
active liquid, the rotation changes in sympathy. In accoV^' 
with this, the above-mentioned authors measured tlio 
of isodynamic change for benzv7y/?aldoxime — 
piperonaJ.s 7 //mxime — piperonab/n/ioxime ; w-?sonitrotohieiip ' 
w-nitrotoluenc, and several similar cases. An important 
brought out, which militates against the utility of this nift!-'^’ 
for comparison purposes, is that the more highly purified otl'' 
tartrate alTorded constants different from those given bv the sl fr]/; * 


less pure solvent, and, further, of course, the cham 


substan,« 


must be soluble in the ethyl tartrate. 

The change of viscosity during a reaction has been used to foiled- 
the effect of heat on gelatin solutions (von Schroeder 
fJnjs'ihtL Chinn., 1903, 45, 70). This author foimd Ji-;//., 
K{{iji ~ ij-y), where is the final value nf the viscosity, so that if th 
total viscosity cliange be taken as a measure of tlie chemical cliaiif- 
it is obvious that a unimolecular reaction is here indicated Beck 
Trietsclie, and Ebbinghaus (Zrifsrh. phi/sikaJ. Chrm., 1907 58 
425) also pointed out that change in viscosity might he utilised f-.- 
the measnrenient of the velocity of a reaction. 

In the present communication the authors have endeavoured Vy 
show that the viscomelric method is applicable (o a variety d 
chemical reactions, and probably to all, could the conditions b 
suitably governed. The following changes were found to be capabb 
of measurement: 

Freshly distilled acetoacetic ester (enolic) eqnilibriuin 

mixture ; aniline — > phenyl thiocarbamide ; ammonium thiorya-naie 
-> thiocai'bamide ; ammonium cyanate — > carbamide; aretic 
anhydride — acetic acid ; benzoyl chloride — >- benzoic acid; liyho- 
lysis of benz5^?ialdoxi[i}e. 


(1) The Change of Vl<coCfij of Freshly Disdlhd Kthijl 
A vi toacetate. 

Scluinm (/ire., 1898, 31, 1961) first showed that accloacctic cstc-r 
underwent a change of density on keeping. He made the followiE" 
determinations : 

l)('i)sity, Deiisily, 

Fresh di'tiUcd, after H liours. after 24 hours, 

1-0278 1-0282 VO'2^2 

1-0278 1-0284 1 -0284 

lOvt).*) l'02tJ9 1-0270 

A more complete study of this change has been carried out ler 
us by l\Ir. Thole, with tlie following results. 

The esU-r was purchased from Kalilbaum. It boiled at 13i 
240 mm. It was distilled at 6h. 25m, p.m. 
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Time 
h. m. 
(> 36 
fi 42 
t) 49 
7 6 
7 9 
7 15 

7 35 
7 42 
7 48 
S 2 
S 50 


Den.sity 25/4. 

Visco.sity. 

a-x. 


1-02094 

— 

— 





0’015330 

O'OOOOGS 



1-02119 

1-02123 

0 '015340 

0-000053 

0-0210 

_ 

0 '015367 

0-000026 

0-0327 

1 '02125 

0'015376 

0-000017 

0 0395 


0 015385 

0 -000008 

0 0389 

1*02128 

— 

— 


__ 

0 -01 5393 

— 


1-02128 

— 



1 '02128 


Averagt-... 

0-0339 


The densities required for this calculation of the viscosity- 
cm'llicicTits are interpolated from flie curve drawn through the 

experimental poiuts. 

Considering the very small dilTcrences, the values of ^ . log,, ^ 

t a~x 

are surprisingly constant. 


{'2) Aniline Heated with AtnrnoniuTn, 'iltiocyanate to Form 
Fh. enyl t h ioca rba m. id e. 

A hot saturated solution of ammonium thiocyanate was made in 
aniline. This was filtered into the viscometer heated to 130^ in 
an oil-bath. Many experimental difficulties were met with, notably 
in the streams of bubbles evolved, which choked the capillary. 
Tlic crude phenylthiocarbamide which separated on treating the 
reaction mixture wdth dilute hydrochloric acid melted at 149° 


Time (mins.). 

Time of fiow. 

a ~x. 

1 , ft. 

1. ■ 7 

0 

177-2 

— 

— 

4 

171-2 

5-8 

0-177 

7 

168-6 

3-2 

0-186 

11 

167-0 

1-G 

0-101 

15 

165-6 

0-2 

0-211 

19 

165-4 


— 



Average. . 

.... 0-1S4 


The probable cause of the reaction is the fornialion of thiocarb- 
amide, which reacts with the large excess of aniline present to 
yield the phenyl derivative. In each case a uiiimolecular constant 
should bo given. 


(3) Fate of Change of Ammonium Thiocijanafe to Tliiocarhanvde. 

Attempts were made at first to follow this reaction by allowing 
.the melted thiocyanate to remain for several hours in the viscometer, 
immersed in an oil-bath, the temperature of which wms kept constant 
at about 160°. Insuperable difficulties w’ere met with, however, 
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in the streams of bubbles which passed up through the cap^ji 
Tietter results were obtained when the ammonium thiocyanato"* ‘ 
heated in an oil-bath in a corked ilask at a constant 
Samples were withdiawn every stated interval, and as they snlifr."- 
iniincdiately, it would be taken as certain that the rcaetinu * 
ated at the time of rein oval of the sample. 

One gram of the sample was dissolved in 12 c.c. of water, andt’i 
viscosity determined immediately after hlbration into tljf 
meter. 

Temperature of oihhatli IGO^. One gram of product dissolved ii 
12 c.c. of water. 


Time of witlidmwil 2'ime of flov 

(iii lunii\s). (ill ,‘ieeoiuis;). 

0 230 -0 

1 231 -5 

2 233-0 

4 23.T0 

7 230-0 

11-5 230-]* 

j'liic 1 hioe.'irltaii'iiili' 218-0 

Thioeai'liiiiiiiJo livaU'tl 1 hour 210 0 

)! ... 230 ‘0 


* Parr of tiro'liiot was iii.soluhU-^ aiel udoiir of hydrogoti siiljiljide was oh-j- iTj'], 

Wlien these results arc plotted, it is found that lliev lie on tv,-;-: 
curve? which approach each otlicr. The viscosity at cpiilihrium i> 
236. and this rorrespomb witli an cquilihrinm mixture of 33 pir 
cent, of tliiocarhamide. 

Polarimetricany, rattersoii and IMcMillan (/or. c/f.) obtain lo per 
cent., whilst \Verner and Hcynolds (Tran?., 1903. 83, 1) found 
2-i-72 per cent, (at temperatures between 170° and 180°). 

(4) 7iV//e o/ ChaiKjr of Ammonium Cyonalc into Ourhaiiv/f. 

A'oiy many experiments have been made on the iiieasnrcincnt 
of this reaction. It lias been found best to mix two cold ('rpuivaleri 
saturated .=:olutions of ammonium .sulphate and potassium cyanaio 
filter off the preri])itated potassium sulphate, and, oti coolnu’. 
further to filter tlic solution of ammonium cyanate into the vho^'- 
meter. At the ordinary temperature (25°) the reaction profccd^ 
slowly, yet measurably, A typical series is given below. 
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Time 

(mitts.). 

Solution made at 9.40 n.m. 

Time of obaervatioii. Time of flow. 

fl-X. 

^ Inrr 

i ‘ .. 

0 

■\Vtidnesdiiy 10.10 a.m. 

4 '29" 

36‘0 


.SiJ 

„ 11.0 „ 

4 '30" 

35*0 

0-0002.! 

TJO 

„ 12.10 p.m. 

4'a2" 

33-0 

0-00031 

‘J3S 

„ 2.8 „ 

4'34-6" 

30-4 

0 000:31 

■i-17 

u 2.17 ,, 

4'3rc0" 

30-0 

0-00032 


„ 3.0 „ 

4'3fi-0" 

29-0 

0-00032 

3.'t0 

M ^ 0 M 

4'38-0" 

267 

0-00037 

.'■-00 

,, 7.30 ,, 

4'4.r0" 

20-0 

0-00045 

Saturday.,. 12.30 ,, 

5T'0" 

— 

— 


These va-lnes for K sufficiently confirm tlie experimental work of 
Patterson {loc. e'd.), Walker, Hamljly, Kay, and Wood (Trans., 
1>T’). 67, 746; 1897, 71, 489; 1898, 73, 21) tlint this reaction is 
not of the frst order. 


(5) Effect of Alkali 07i if ro'pluniylarfaonitnh. 


\Vc are indebted to ]\Ir. F. G. Pope, of East London College, for 
a supply of tlie above compound. On being dissolved in absolute 
alcohol, it gives a colourless solution, wliicli, with a little alcoholic 
potassium hydroxide, turns to red. After several hours it darkens 
considetably, and on pouring into water, becomes emerald-green. 
It is possible that hydrolysis of the nitrile group goes on, followed 
l>y intramolecular change to a substance of the formula: 



A saturated solution Avas made in ethyl alcohol, to which was 
added a few drops of alcoholic sodium hydroxide. The times of 
flow were plotted against times of observation, and a regular curve 
drawn through. The following results were obtained from inter- 
polated values : 




1 1 ^ 

Time (mius.), 

a-:v (ill -1 secouds). 

, • h\^in 

1 (1 ■ 

0 

63 


5 

41 

0-0373 

10 

32 

0-0294 

15 

25 

0'02G7 

20 

IS 

0-()272 

25 

15 

0 0249 

30 

n 

0-0252 

35 

9 

0-0241 

40 

6 

0-0255 


Average 

0-0288 


The reaction apparently tends to the first order after the first 
b-’i minutes. 
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(6) The Hydraiion of Acetic Anhydride in Acetic Acid Si>J,ify 

Many preliminary experiments have been carried out . 
intention of studying the rate of liydration of acetic aiihvfi^ i 
•with the equivalent weight of water, both dissolved in pure 
acid. As we are still working on this reaction , one set only 
be here quoted. 


5 c.c. acetic acid (frozen out repeatedly). 

4'72o.c. acetic aiihydiide (b. [>. 13577139 mm.). 0'90 c.c, of wau-r 


Time 

Time of flow 


1 1 

(mins. ). 

(sees.). 

a - ,r. 


0 

158-0 

6-6 


15 

159 0 

5-6 

0-00-18 

'I'l 

159-6 

5 0 

0-005.1 

37 

160-4 

4 2 

0-005;) 

45 

161-2 

3-4 

0 006-1 

.52 

161 -4 

3-2 

0-0060 

G5 

164 0 

2-6 

0-006-> 

115 

161-6 

Average 

0 -00568 


Our experiments indicate that the above reaction is by no mpai- 
so simple as might be supposed, for at some concentiations tie 
velocities of efflux become less as time goes on, whilst the absoliue 
viscosities may rise to a maximum, and then steadily fall. Tins ;■ 
shown in the accompanying table. 


5 c.o, of acetic acid, 

4 '72 (m;. of acrtic anhydride. 0’4:"i (‘.c. uf water. 


Time. 

Viscosity. 

Time. 

^'is (ijity. 

r2.22 [).m. 

0-01370 

4.32 ]».m. 

0-0137? 

12.31 ,, 

0-01374 

6.26 ,, 


12.44 ,, 

0-01377 

7.8 ,, 

0 01365 

12.57 „ 

0 01383 

7.54 ,, 

0-rjl.3t’’.l 

3.12 „ 

001395 

9.5 ,, 

0-01353 

4.14 „ 

0-01396 

9.35 „ 

0-01353 


(7) The ilydrohjsia of licnzoyJ Chloride in Aqueom AccUmt 

Benzoyl chloride being not sufficiently soluble in water, a sohiticn 
in aqueous acetone was made u]i of the following molecular coiut.. 
trations; acetone, 100; water, 203'4; benzoyl chloride, o‘ 2. 



Time of flow. 

. lof,-? 

Time (mins,). 

t ‘~l- 

11-5 

406-2 

— 

1 4 -5 

412-2 

0-00952 

22-5 

425-4 

0-01025 

44-5 

441-0 

0-009.54 

53-0 

444-2 

0-00956 

80-0 

448-0 

0-01030 

140-0 

449-0 

Avenge 

... 0 00983 
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jrAn-pJated from curve: 

UV 3 — o-oopr.i 

34 0 — 0-000 fit 

64 0 — 0-00056 

Tl.c lieiiJioyl chloride was recovered in tlie form of benzoic acid 
j{ tlic end of the experiment. 

■\Vc have a-lso maxle a number of expcrimeids with the sy/? -ox lines. 
\Vc follow tlie transformation of these substances into 

p tir /o;/disonierides, but up to the present have found no means 
of inducing the change. Benz.'i^/mldoxinie^ for example, is a very 
stal'lo compound. It can be crystallised unchanged from hot 
jPoliol. benzene, or amyl acetate, or even from hot water, so that 
o\ir expectation that it would be converted into the oa^baldoxime 
ill solution was not realised. 

In conclusion, we wish to thank Mr. A. S. Wood and Mr. A. 
Pt-ri'Y for their assistance with the experiinenis on the oximes and 
Ij( nzovl chloride respectivedy. 

I'liVsICAL (.’hKMLCAL LAlKUlAlOrLT, 

East JIam TiiCiiMCAL College. 


LAV 1 IF. — SyrdhesiH of Dipeidides of a~ Ami noj auric 
Acid with Ghjane, Alaiune, Frt/n<.c, fcocine, ajul 
A.'<[><(r(«jine. 

By Artiilu Hopavooti and CHAULt’s Wkizaiann, 

In view of the possible presence of peptides of a-aniinolauric acid 
with amino-acids in the products of hydrolysis occurring in certain 
plants, the authors have prepared the dipeptides of a-aminolaiiric 
arid with glycine and other amino-acids, so lliat they may he 
coitipared with the products obtained by the hydrolysis of proteins 
contained in Launts nohiii.<, pichuriim beans, and other proteins. 
Irom another point of view’ the peptides derived from liigher fatty 
acids are of considerable interest, since a rducly of their properties 
may tlirow some light on the lipoproteins and the transformation 
ot proteins proper into lipoproteins, a process probably taking place 
in tlie fatty degeneration of the cell (Bondi and Frankl, Biochein, 
1909 , 17 , 543 ). 
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Experimental. 

The method of synthesis adopted was one which has hep 
successfully used by Emil Fischer {Ber., 1903, 36 , 2982 
the synthesis of polypeptides containing the radicles of the t'"' 
members of the series of fatty acids. In brief, the method 
in condensing a-bromolauryl chloride with amino-acids in ' 
of sodium hydroxide, and then displacing the halogou in 'i' 
product by an amino-group through the action of aramonia 

a-BromoIaunjl ChloruU, CjiH^oBr'COCL 
One hundred grams of phosphorus pcntachloridc (1 mo] ) 
added gradually, with vigorous shahing, to 134 grams of a-broy/r 
1 auric acid (1 mol), and, after the energetic action has STilidd.-.j 
the mixture is heated on a water-hath for an hour. The prodir 
is distilled under diminished pressure, and the fraction boiliiia 
150 —175°/ 16 mm. is collected. Yield, 95 grams: 

0-3010 gave AgCU AgBr-0-3380. 

Ci 2 lE 2 ^BrCl requires AgCl-h AgBr — O SSol per cent. 
a-Bromolaiiryl chloride is a colourless liquid, which boils at l.jii- 
10 mm., and at 170°/ 16 mm. It has a pungent odour, a-nd i; 
decomposed slowly by water. 

a-Bromohntryl<j}yci7ie, CiiIIwBr'CO'NII’CH./CO,,!!. 

Forty grams of a-bromolauryl chloride (1 mol.) and an aqiier-us 
solution containing 5 grams of sodium hydroxide (1 mol.) are 
added gradually and alternately, with frequent shaJdng, to au 
aqueous solution containing 10 grams of glycine (1 mol.) ami 
5 grams of sodium hydroxide (1 mol.). The solution is heated 
on a water-bath until the odour of a-bromolauryl chloride dh 
appears, then allowed to cool, and dilnte hydrochloric acid added 
ill slight excess. A colourless precipitate of impure a-bromolauryl 
glycine separates out, which is allowed to remain for several lioiirs. 
then collected, washed with cold water, and dried in air on a porous 
plate. Yield, 43 grams. The product crystallises from benzene in 
colourless, rhombic plates, which melt at 117 — 118’5°. The crystals 
are only sparingly soluble in water, but readily so in alcohol, etki'; 
benzene, toluene, or alkalis: 

0-1G27 gave 0’0921 AgBr. Er = 24-09. 

Ci 4 ll 2 e 03 NBr requires Br!=23'78 per cent. 

a-A minolaurylylycine, NH2’Cy4Hr|2*CO*NII*CH2‘C02H< 

Five grams of a-bromolaurylglycinc are mixed with excess oi 
strong aqueous ammonia, and the mixture heated at 100'' ior sn 
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^our. On evaporating the solution until the excess of ammonia is 
ievpolled, colourless crystals are obtained, from which water is 
jrcninvod by adding absolute alcohol, and then evaporating to 
on a water-bath. In order to remove the ammonium 
and unchanged a-broinolaurylglyci7ie, the dry residue is 
with absolute alcohol, and then collected, when 3 grams 
01 nearly pure a-aminolaurylglycine are obtained. For further 
puriiication, the dipeptide is dissolved in absolute alcohol containing 
^ little aqueous ammonia, filtered, and the filtrate boiled until the 
atiiinenia disappears, when the pure peptide separates out, and is 
washed with absolute alcohol, and dried in air on a 
pi-ious plate. It forms prismatic needles, which sinter at 207°, 
and rncit and decompose at 214 — 214-o°; 

0-1975 gave 0-4475 CO. and 0-1858 H.O. H-10-52. 

0-2(159 ,, 18-7 c.c. Xo at i9'0° and 757-6 mm. X- 10-58. 

C',4H..,(\X. requires C - 61-70 ; H 10-36 ; X - 10-29 per cent. 

The (lipeptide is almost insoluble in water, sparingly soluble in 
aholiol, but readily so in ammonia, alkali hydroxides, or mineral 
acids, When dissolved in dilute sulphuric acid, it gives a w'hite, 
aiiKirjdtous precipitate with aqueous phospliotiiiigstic acid, wdiich, 
a-s lu the case of the proteins, is soluble in excess of the reagent. 
Ill presence of alkali hydroxide, the dipeptide condenses with 
P naplithalencsulphonyl chloride, yielding (S-nap/tfltalcnc^/ifp/io/tj/l- 
awui'ilauryhjlijctnc, which crystallises from much water in colour- 
Ic". I'lionibic plates, melting and decomposing at 205—207°. 

a- /f /'o « / y /u f n c , C iJT.. B r * C 0 • X H • C 1 1 1\ 1 o ■ C O, JI . 

Ten grams of a-bromolauryl chloride (1 mol.) and 34 c.c. of 
5 -sodium hydroxide (1 mol.) are added gradually and alternately, 
\vitli frequent shaking, to a solution containing 3 grams of alanine 
(1 inol.) in 34 c.c. of A'-sodiuni hydroxide (1 mol.). The solution 
is heated on a water-bath until the odour of a-bi-omolauryl chloride 
disappcai's, then allowed to cool, and dilute hydrochloric acid added 
in sliglit excess. A curdy, colourless precipitate of impure a-bromo* 
laurylalanine separates out, which is kept for several days, then 
collected, washed with water, and dried. Yield, 9-0 grams. The 
pinduct crystallises from benzene in colourless, rhombic plates, 
"hich melt very sluggishly at 104 — 116°, probably indicating a 
fiuxture of two stereoisomeric a-bromolaurylalanines. The crystals 
a-if sparingly soluble in hot water, moderately so in dilute alcohol, 
and readily so in absolute alcohol, ether, benzene, toluene, or 
alkalis: 

gave 0'OG7() AgBr. Bi=23'15. 

Ci<5ll2sO;jXBr requires Br=:22‘82 per cent. 
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a^AminoIannjJala'nine. NH,2'CiiH22'CO*NH*CHMe*CO 
Five gram? of a-bromola-iirylalanine, when treated witli 


acjUf., 


ammonia in the same way as a-bromolaurylglycine, yield ‘’ g'p. 
of a-aininoJaHrylaianbu, which crystallises from alcohol in 
needles, melting and decomposing at 21 2- -213°. The dipeptdh ' 
sparingly sohiide in water, moderately so in alcohol, and readilv * 
in ammonia, alkali hydroxides, or mineral acids. A white ''Uf ' 
phous precipitate is produced when an aqueous soluiiou of pho- ■[' 
tungstic acid is added to a solution of the dipeptide in dir 
siilphuric acid : 

0’1518 gave 0’3493 CO.> and 0’1451 ILO. C = 62’75; 

0*1173 „ 9*9 c.c. No at 18*0° and 769*3 mm. Nr-I00'» 
requires C-- 62*88; H^lO'oG; N^9‘79 per cent 


a-BromohinriflvaJuH', C),TI._>2Br*CO‘NII’CH(CO,JI)-OIlMe, 

Ten grams of a-bromolaiiryl chloride are condensed, as destTib^.i 
for a-broniohinrylalanine, with 4 grams of valine. The yield (.■' 
impure a-bromolaurvlvaliiie is 9*0 gi'ams- The product civstallin^ 
from benzene in small, rlionibic plates, which melt at 137— Ih- 
The crystals arc sparingly soluble in hot water, readily so in dilute 
or absolute alcohol, ether, benzene, toluene, or alkadis: 

0*2484 gave 0*1214 AgBr, Br-20'80. 

Ci7ll3.20jNBr requires Br- 21*13 per cent, 


a-Ani in ala n njl ral i n c. K 4 1., • C ^ CO * N II - C H (CO„ll)*CHMts. 

Five grams of a-bromolauryl valine, when treated with aqncou> 
ammonia in the same way as a bromolaurylglycine, yield 3*o gram.: 
of a-amlnalaari/l rali/K^, ^v\nch crystallises from alcohol in smah 
rhojiibic ])lates, sintering at 205°, and melting and decomposing at 
212 — 214°. The dipeptide is almost iusolnblo in water, spariitgh 
soluble in alcohol, and readily so in ammonia, alkali liydro.xide^, or 
mineral acids. A white, amorphous precipitate is produced wIk'': 
an aqvieous solution of phosphotungstic acid is added to a solution 
of the dipeptidc in dilute sulpluiric acid: 

0*1185 gave0*28iS CO. and 0*1162 II./). C - 64*83 ; H = 10*97. 

0'123(i ,, 9*6 c.c, N.j at 18*5° and 772*3 mm. N=-9*24. 

C/IL^O.N,. requires C - 61 *91 ; II = 10*90 ; N -8*92 per cent. 

a-Bromahiurylhavlni', CHH.2,Br'C0-NII‘Cri(C02H)‘CIVCIL% 

Ten grams of a-bromolauryl chloride are condensed, as described 
for a-bromolaurylalaiiine, wiLli 4*4 grams of r-Ieuciiie. The yield 
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oi itiipure a-bromolauryl-leucine is 10-5 grams. The product crystal- 
ii-es li'oiu dilute alcolfbl in large, colourless, prismatic plates, and 
lit ill benzene in colourless, rhombic plates, melting at 12S -1310 
•j'l.e crystals are sparingly soluble in water, moderately so in dilute 
jPcchoI. and readily so in absolute alcohol, acetone, etliyl acetate 
bi-nzoiip, or alkalis : 

u lOlS gave 0-0403 AgBr. Br = 20-61. 

^VsHaiOyNBr requires Br = 2() 37 per cent. 

a-Aminolduri/l-leuctne, 

Five grams of a-bromolauryl-Ieucino, when treated with aqueous 
ammonia in the same way as a brornolaurylglycine, yield 3 0 grams 
of a-nmutolanrylleucine, which crystallises from alcohol in stout 
priMii.s melting and decomposing at 223 o -225-5°. The dipeptide 
IS sparingly soluble in water, moderately so in alcohol, and readily 
M) in ammonia, alkali hydroxides, or mineral acids. A white 
anior|)hous precipitate is produced when an aqueous solution of 
piiosphotungstic acid is added to a solution of the dipeptidc in 
dilute sulphuric acid : 

0-1 01.'^ gave 0-2465 COo and 0-1011 ILO. 0:^ 66-04; H^^-llTt. 

u-2344 „ 16-7 c.c. at lO’o^ and 768'! mm. K = 8-41. 

('iJCANi requires C^6,r80; H^ll-05; 8-5:i per cent. 

a-B ro m ola u ri/lrrspa ra r/ht c, 

<^iiII.joBr'CO-Nf{-CH(COoIl)-CH.yCO'NIL. 

Five grams of /-asparagine (1 mol.) are dissolved in 33-5 c c of 
-V-sodium hydroxide (i mol.), and tlien a further quantity of 
i'i.) c.c. of J-sodium hydroxide (1 mol.) and 9-92 grams of 
ct luoniolauryl chloride are added gradually and alternately with 
vicmrous shaking. The temperature is kept at about 15° by cold 
T.\nter. On adding a slight excess of dilute hydrochloric acid to 
tie clear solution, a pale yellow ]irecipitate of impure a bromo- 
aiu} asparagine separates out, which is collected, waslied with water, 
aiid dried. Yield, 12 grams. On ory.sla.llising the product from' 
absolute alcohol, a mixture of colourless, I'liombic plates and long, 
O'lsmatic^ needles is obtained; these melt and decompose at 
oO . The crystals are only sparingly soluble in water or 
’^izone, but readily so in dilute or absolut e alcohol, ammonia., or 
‘ilkali hydroxides; 

"■I889gavell'6 c.c. No at 19'5° and 779'2 mm. N = 7-,'i5. 

UlGoO „ 0-0V86 AgBr. Br = 20-27. 

requires N = 7‘13; Br = 20-32 per cent. 
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a- A mmolaur^laspara^ine, 

Nn3-CnH,,-00-NH*CH(C02H)‘CIl2*C0-NH,. 

Five grams of a-bromolauryl asparagine, when treated witr 
aqueous ammonia in the same way as a-bromolaurylgiyeino, vielij 
2*5 grams of a-amifiolannj [asparagine, which crystallises frou) 
absolute alcohol in colourless, rhombic plates, melting and dccon'- 
posing at 242* 0— 243*5'^. The dipeptide is sparingly soluble lii 
water or alcohol, but readily so in ammonia, alkali hydroxides, or 
mineral acids. A white, amorphous precipitate is produced u-lien 
an aqueous solution of pliosphotiingstic acid is added to a solution 
of the dipeptide in dilute sulphuric acid : 

0-1135 gavcO-2415 CO. and 0-0970 H.O. C-58-02; H:=9-o6, 

0-1206 „ 13-0 c.c. N. at IS'O'^ and 778'2 mm, N^12-95. 

requires C^oS'SO; H = 9'49; N = ]2‘77 per cent. 

Aefio?i of Enzymes on the Dipepiides. 

Pancreatic juice activated by kinase, pancreatine (l)efresnc:, 
trypsiue (^lerck), muscle juice, or liver extract hydrolyse a amiiio 
laurylglyciiie, but papayotine (Merck) is without action. 

Micro-organisms develop slowly on ordinary artificial niedia con- 
taining a-aminolauryl glycine as the sole source of nitrogen. Tb 
feeble growth of micro-organisms can be a-scribed to the spariii: 
solubility of the peptides in aqueous solutions of the media. Ii 
B. SuhtUu, B. Bijocyaneus, or rrotens vnlgarh are cultivated on 
dilute solutions of peptone reiidei’cd slightly alkaline with potassiiuii 
carbonate and saturated with a-aminolaurylglycine, a decomposition 
of the peptide is observed after twenty-four hours. 

In carrying out these biological tests, considerable assistance wac 
afforded us by Dr. Berthelot, of the Pasteur Institute. 

The Ui^iVEiisiTY, 

MANCUESTEI!. 




